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CHURCH, RAY EDWARD, Ed.D. Intonation Tendencies of 
Selected University Flute, Oboe, and Clarinet Players. 
{1989) Directed by Dr. James w. Sherban. 116 pp. 
The purpose of this study was to investigate the 
intonation tendencies of flute, oboe, and clarinet players 
after accounting for the effects of instrument intonation 
deficiencies. Twenty-seven university students served as 
subjects in three groups (.!! = 9 per group). The subjects 
performed 15 scale tones of their respective instruments 
during pitch-matching trials involving a common set of 
sawtooth wave stimulus 'tones. 
The research design was a mixed 3 (instrument) X 15 
(scale tone) factorial analysis of covariance with a 
covariate (intonation deficiencies) changing across trials. 
The dependent variable was a measurement, in cent devia-
tion, of intonation tendencies. The covariate was a 
measurement of the flat and sharp intonation deficiencies 
of instrument scale tones. The adjusted: means of the 
dependent variable represented intonation tendencies after 
statistically controlling for possible effects of the 
covariate. 
Significant differences of intonation tendencies 
occurred between groups due to instrument (£ ""' • 01). There 
were no significant differences due to scale tone selection 
(E_ ""' • 28) cr the interaction of instrument and scale tone 
(.e_ "" • 08). The covariate effect on intonation tendencies 
was significant (£ < • 0001) for the interaction but not 
(£ > .05) for between group differences. Based on the 
results, the following conclusions were formulated. 
1. There were significant differences in the intonat-
ion tendencies of flute, oboe, and clarinet players. 
2. There was no significant difference in intonation 
tendencies for the different scale tones being performed. 
Intonation tendencies of flute and clarinet players 
were sharper than oboe players and the sawtooth wave 
stimulus tones. Results of the study support speculation 
concerning apparent pitch differences associated with 
instrument timbre as a possible factor of intonation. 
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CHAPTER I 
INTRODUCTION 
The Problem 
Music educators and performing musicians generally 
agree that intonation problems in ensemble performance are 
a result of the lack of. ability among individual performers 
to produce unified tonal precision~ In addition to 
individual intonation performance tendencies, woodwind and 
brass musicians generally are confronted with compensating 
for the intonation deficiencies of their instruments, 
primarily attributed to variance in instrument construction 
(Pottle, 1962t Kohut, 1973; Sawhill and Grant, 1973)~ With 
a knowledge of these deficiencies, wind musicians generally 
attempt to improve intonation by adjusting the fundamental 
frequency and resulting pitch of certain tones with tone 
production techniques involving variation of embouchure lip 
pressure and air pressure, or the use of alternate 
fingerings~ 
The influence of timbre on pitch discrimination is a 
well established perceptual phenomenon also associated with 
ensemble intonation problems~ Many musicians accept the 
premise that the pitch of a relatively "bright" tone is 
often perceived to have a higher pitch than a "darker" or 
less brilliant tone of the same fundamental frequency and 
overall intensity (Stauffer, 1954). The overall intonation 
of an instrumental ensemble is obviously improved when 
individual players of the same instrument type produce 
tones more similar in quality (Kohut, 1973). 
Many musicians intentionally perform with sharp 
intonation. 11 Most people tend to play on the high side of 
pitch, preferring a bright tone that seems to project more" 
(Doane, 1987, p.71). When the tone qualities produced by 
individual performers Within an instrument section of an 
ensemble are excessively bright, however, intonation and 
blend problems can occur due to the roughness produced by 
inharmonic partials (Kohut, 1973). 
On wind instruments, every tone has a center or 
focal point where maximum resonance can be 
achieved. Players who learn to play in the tonal 
center will play the majority of their notes in 
tune. (Kohut, 1973, p. 116). 
According to Doane (1987), the "best" tone quality of an 
instrument is produced when the "pitch is most centered" 
(p. 71). Centering the pitch of tones produced on a wind 
instrument also allows a musician to have more flexibil ty 
to alter the pitch upward or downward when needed to adjust 
for intonation. 
Stauffer (1954) conducted an extensive study of the 
intonation deficiencies of wind instruments performed by 
professional musicians. He concluded that tuning an 
ensemble of wind instruments is subject to the apparent 
pitch associated with the timbre of an instrument. 
It is felt that special consideration should be 
given to the tone of the clarinet and the tuba in 
this respect. What quality of the clarinet tone 
justifies the fact that it has a mean pitch level 
of up to 30 cents higher than the flutes and 
oboes? Perhaps it is the peculiar hollow quality 
caused by significant lack of the lower even 
harmonics that gives an apparent pitch much lower 
than actual. Perhaps the clarinetist, naturally 
draws his hollow, vibratoless tone on the higher 
side to maintain psychologically an equal 
brilliance with the warm pulsating tone of the 
flutes and oboes <.stauffer, 1954, p. 161). 
The pitch of a clarinet tuned to the same fundamental 
frequency of other musical instruments often appears to 
sound relatively 0 flat" (Meyer, 1964a; 1965; 1978b). Is 
this perceptual phenomenon, as advocated by Meyer, a factor 
of ensemble intonation? 
Numerous studies provide evidence that timbre is an 
important factor of pitch discrimination and pitch-
matching, but few researchers have investigated the timbre 
of a performer's instrument as a possible factor of 
intonation within a context of performance (Meyer, 1978b). 
The first published studies in this area of research 
(Greer, 1970; Jameson, 1980) involved tones performed on 
brass instruments during pitch-matching trials with various 
timbres as stimulus tones; but, the results of these 
stucties were inconclusive when attempting to associate 
timbre with intonation tendencies of musicians. 
Purpose of the Study 
The purpose of this study was to investigate the 
intonation tendencies of flute, oboe, and clarinet players 
after accounting for inherent intonation deficiencies of 
their instruments. Based on speculation, any additional 
differences in the intonation tendencies of woodwind 
musicians could be related to the apparent pitch perceived 
as a result of instrument timbre. The characteristic 
timbres of these woodwind instruments are distinctly 
different and less homogeneous as an instrument group than 
those of the brass and string instrument groups. 
Perceptual biases concerning the apparent 11 flat 11 pitch of 
the clarinet illustrate the need for a study including 
factors of woodwind instrument timbre. After accounting 
for the intonation deficiencies of woodwind instruments, 
are there differences in the intonation tendencies between 
performers of flute, oboe, and clarinet across different 
scale tones? 
Definitions of Concepts used in the Study 
Timbre 
Timbre is the tonal attribute of sound which describes 
perceptual differences between musical tones of equivalent 
frequency, intensity, and duration. Timbre perception is 
determined primarily by the waveform of a musical tone but 
also is dependent on the frequency, intensity, duration, 
and onset/decay of a sound envelope. The operational 
definition of instrument timbre for this study refers to 
the categorization of flute, oboe, and clarinet as three 
different instrument sounds produced with equal intensity 
and duration. 
The perception of pitch is a subjective judgment 
involving the placement of a sound on a low-to-high 
continuum. Although the pitch continuum primarily is 
related to the fundamental frequency of a tone, it is also 
dependent on the waveform and ovet"all intensity of the 
sound (Radocy and Boyle, 1979). The discrimination of 
pitch differences involving timbre is associated with the 
relative number and intensities of low and high frequency 
harmonic spectral components of a sound's waveform 
(Fletcher, 1934; Wellek, 1934; Boring and Stevens, 1936). 
Intonation 
Intonation is a subjective judgment of the pitch 
accuracy of a performer P s tones within a context of 
performance (Harvard Dictionary of Music, Second Edition, 
1970). 
Intonation problems are pitch-matching problems; 
to say that someone is ''out-of-tune" is to say 
that, in some observer's subjective judgment, a 
produced sound does not match a standard ( Radocy 
and Boyle, 1979, p. 33). 
Although pitch is a psychological factor, involving a 
subjective placement of a tone on a low-to-high continuum, 
the intonation of a performer's tone with regard to another 
tone as a pitch standard often is evaluated by an objective 
measurement of .differences in the fundamental frequencies. 
When the fundamental frequencies are the same, the 
performer is objectively evaluated to be 11 in-tune." 
Sharp/flat 
When the fundamental frequency of a performer's tone 
is relatively higher than that of the standard tone used as 
a reference, the objective pitch of the tone is considered 
11 Sharp;" when the measured frequency of the performer's 
tone is relatively low, it is considered 11 flat." With 
regard to the subjective pitch of musical tones, the pitch 
of a tone may be perceived to be higher (sharp) or lower 
(flat) than the pitch of another tone with the same 
fundamental frequency. 
Intonation tendencies 
The intonation tendency of a musician is defined as 
the general tendency to perform \>lith sharp or flat 
intonation compared to another musician or with reference 
to another source of sound used as a standard for 
intonation. Intonation tendencies for individual scale 
tones generally are measured, in cent deviation, as 
differences in the fundamental frequencies of a performer's 
tone and the tone used as the intonation standard. A 
positive cent deviation represents a 11 sharp" tendency, and 
a negative cent deviation represents a 11 flat" tendency. 
Instrument intonation deficiencies 
The concept of instrument intonation deficiencies 
refers to measurement, in cent deviation, of the inherent 
sharp and flat intonation for individual scale tones of a 
performer's musical instrument as compared to the equal-
tempered scale (Stauffer, 1954, p. 2). Intonation 
deficiencies of woodwind instruments are attributed to 
variance in the construction of musical instruments, 
mouthpieces, and reeds. 
Brightness 
The timbral category of brightness is often used to 
describe pitch differences associated with waveform and 
overall intensity (Lichte~ 1941; Bachem, 1948, 1950; 
Boring, 1950; Arment, 1960). Lichte (1941) defines timbral 
brightness as a function of the location for the midpoint 
of the energy distribution of a compliJx tone on the 
frequency continuum. Based on a survey of the literature, 
Hesse ( 1972) described three types of brightness continua. 
( 1) Brightness increases when the relative number 
and intensities of the harmonic components 
remain constant but the fundamental frequency 
increases (Revesz, 1913). 
( 2) Brightness increases when the fundamental 
frequency remains constant but higher 
frequency spectral components of the harmonic 
structure are added (Hornbostel, 1926). 
( 3) Brightness increases when the formant of a 
musical tone is displaced to a higher 
frequency range (Stumpf, 1890; Hermann, 1890; 
Schumann, 1929). 
Formant 
A formant of a complex tone is a series of harmonic 
spectral components of a specific frequency range with 
relatively strong intensities. The formant theory has been 
applied to describe waveforms which represent various vowel 
qualities in singing and different timbres of musical 
instruments (Hermann, 1890; Aschoff, 1936; Jest, 1968; 
Meyer, 1978a). The frequency range of a formant generally 
rem01ins constant regardless of the fundamental frequency. 
For example, the characteristic timbo:-f! zo.ssociated with a 
formant generally remains consistent for a series of 
ascending scale tones performed on a musical instrument. 
Justification for the Study 
Timbre as a possible factor of intonation 
Greer (1970) conducted one of the first published 
studies concerning the effect of timbre on intonation 
tendencies, specifically involving the intonation of brass 
players. He observed a significant difference (.£ < .01) in 
the intonation responses of subjects due to timbral 
differences of the recorded stimulus tones used in 
performance trials. In the ~-hoc analysis, there was no 
significant difference (£ > .01) in the intonation 
responses due to timbral differences of recorded stimulus 
tones produced on the subject's own brasswind instrument, 
pia"no, or organ (comple;..· tones). There was, however, a 
significant difference (£ < • 01) in intonation tendencies 
within subjects for the 11 pure 11 (sinusoidal) tones produced 
by an oscillator in ~-hoc comparisons with the complex 
tones. The intonation responses of brass players were 
objectively measured to· be 11 flat 11 for the sinusoidal tone 
stimuli of the oscillator compared to the responses for the 
complex ton,2 stimuli of musical instruments. This result 
confirms research evidence that subjects respond more 
accurately when pr&sented with complex tone stimuli than 
with pure tone stimuli during pitch discrimination 
performance tasks (Henning and Grosberg, 1968; Houtsma, 
1971; Sergeant, 1973; and Zeitlin, 1964). 
A second part of the Greer study specifically involved 
timbral classifications of brasswind instruments as a 
possible factor of intonation. During the first of two 
performance trials, Greer found a significant difference (]2 
< • 01) between groups of trumpet, French horn, trombone, 
and tuba players with regard to intonation. During the 
second trial, the intonation responses of the subjects due 
to the effect of instrument were, however, not 
significantly different (£ > .01). 
---------- --- ---·-----
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Terhardt ( 1972a, 1972b) observed that subjects 
perceived the pitch of a sinusoidal tone to be higher than 
that of a complex tone consisting of only two or three 
consecutive harmonics. Terhardt concluded that an 
interaction between the fundamental and the second harmonic 
of a complex tone causes the pitch of the fundamental to be 
perceived as slightly lower than the pitch of a sinusoidal 
tone of equivalent frequency. This conclusion may have 
implications for the ap·parent pitch of flute timbre, which 
generally is described by a waveform consisting of 
primarily the fundamental and a few higher harmonics, 
Swaffield ( 1974) conducted a study of the effects of 
contextual factors involving timbre, intensity, duration, 
and variable stimulation on the fine tuning responses of 
subjects. He concluded that the direction of fine tuning 
responses seemed dependent principally upon the frequency 
and intensity of the stimulus, but the accuracy of fine 
tuning appeared to be related primarily to timbre. 
Swaffield also concluded that some instrument timbres are 
more difficult to tune accurately than others. 
Jameson (1980) studied the effects of different timbre 
conditions involving variation of the harmonic structure, 
intensity, and onset/decay transients of recorded trombone 
tones used as pitch stimuli. He concluded these variables 
did not have a significant effect on the pitch-matching 
performance of trombone players. 
11 
Wapnick and Freeman ( 1980) produced pairs of 
relatively dark versus bright clarinet tones by altering 
previously recorded clarinet tones (judged to be equivalent 
in brightness before alteration) with the use of an audio 
frequency band equalizer. They concluded that subjects 
associated flatness of pitch with relatively dark clarinet 
tones preceded by brigh+; .-:larinet tones and associated 
sharpness of pitch with relatively bright clarinet tones 
preceded by dark clarin·et tones. 
According to Madsen and Geringer ( 1978), musicians 
were not able to judge good versus bad trumpet quality 
within a context of performance. They also concluded that 
musicians have a preference for sharp intonation regardless 
of the tone quality. In a related study involving 
unaccompanied flute and oboe duets, Madsen and Geringer 
( 1981) reported that when subjects indicated a preference 
for good or bad tone quality they were actually responding 
to intonation variables. For both studies, they concluded 
that the vast amount of time musici_ans spend on the 
development of an acceptable tone may be best used in the 
development of good intonation. 
Results of these studies, often contradictory, justify 
the need for further research concerning timbre as a 
possible factor of intonation. Further justification for a 
study of intonation tendencies of flute, oboe, and clarinet 
players is based on the results of acoustical research 
which describe timbral differences of the three 
instruments a 
Timbral characteristics of flute, oboe, and clarinet 
12 
Meyer (1978a) states that flute tone is characterized 
by a very smooth harmonic spectrum with the fundamental 
having the greatest relative intensity, except for the 
lowest tones from c .. ( 262 Hz) to eJ:>... "On no other 
orchestral instrument is this feature so pronouncedn (p. 
49). In contrast, the oboe has a timbre with a completely 
different harmonic structure from that of the flute as a 
result of differences in vibration production and 
differences of inner bore shapes of the instruments (p.Sl). 
An oboe tone consists of many harmonic spectral 
components and, theoretically by definition, would have a 
••briqhter 11 quality than flute tone. For oboe tone, the 
spectral harmonic components with the greatest relative 
intensities are in the frequency range of 1100 Hz. The 
relatively strong harmonics of formants in frequency ranges 
of approximatly 2700 Hz and 4500 Hz, particularly, give the 
oboe a marked brilliance (Meyer, 1978a, p. 51). For the 
present study, this raises the question regarding a 
possible difference in the intonation tendencies of flute 
and oboe players associated with theoretical brightness 
differences of the two timbres. 
Clarinet timbre has a waveform in which the odd-
numbered harmonics are predominant over even-numbered ones. 
13 
Meyer (1964a; 1965) concluded that well known generaliz-
ations about the characteristically "flat 11 pitch associated 
with the 11 hollow 11 quality of clarinet tones may be 
associated with the relative weakness in the intensities of 
the even-numbered spectral components. In a later study, 
Meyer ( 1978b) observed that most musicians perceived tones 
with a complete series of harmonics (sawtooth wave tones) 
to have a higher pitch than tones containing only the odd-
numbered harmonics { squ·are wave tones). Are the intonation 
tendencies of clarinet players influenced by the 
characteristic timbre of their instruments? 
Timbre also varies for individual scale tones 
throughout the performance range of a musical instrument, 
as described by Meyer (1978a). For the lowest tones of the 
flute (with b-flat4 as the lowest tone), the fundamental is 
weaker than the second harmonic. For flute tones in the 
very high register, from about fs and above, the odd-
numbered harmonics have greater relative intensities than 
the even-numbered ones, decreasing the perceived brilliance 
of the tone. Flute timbre also becomes increasingly 
brilliant with increased loudness (Meyer, 1978a, p. 50). 
The relative intensity of the fundamental harmonic of 
tones in the the lower register of the oboe is relatively 
weak; harmonics in the formant of between 500-550 Hz have 
the greatest relative intensities of the spectrum. Above 
es the influence of the formants decreases and is 
14 
accompanied by the perception of decreased brilliance. For 
b-flats, the fundamental and octave components are 
approximately equal. From d6 upward, the fundamental 
predominates (Meyer, 1978a, p. 52). 
The clarinet has basically three registers which have 
different characteristics with regard to the harmonic 
spectrum and perceived timbre. For tones in the lower 
octave ( d3 to d4), the odd-numbered harmonics are stronger 
in relative intensity than the even-numbered ones, 
resulting in a dark anG hollow sound {Meyer~ 1978a, p.54). 
For tones in the "throat register 11 (eb4 to gs}, the 
intensities of the first and third harmonics are greater 
than the octave harmonic; the result is a somewhat dull 
quality. Above g"'s the fundamental is strongest 
accompanied by a sloping harmonic envelope. Clarinet 
timbre in this register is similar to the timbre of a flute 
(p.55). 
Addi tiona! Research Considerations 
and L1m~ tat1ons of the Study 
Two areas of research well known to instrumental 
musicians and music educators also represent external 
factors of intonation performance which were considered in 
the study. These are beat elimination, as a method of 
tuning perfect unison and octave harmonic intervals, and 
loudness variation of a performer's tone involving inten-
sity as a factor of intonation and tone quality variation. 
15 
Beats of interference 
Pulsations or beats of amplitude variation can be 
observed when the frequency ratios of two tones in harmonic 
intervals of perfect unisons, octaves, a.nd often fifths are 
slightly mistuned (Cotton, 1935; Corso, 1954; Cochelle and 
Firestone, 1957). The observance and elimination of 
interference beats (beat elimination method) commonly is an 
accepted technique used when tuning musical instruments and 
as a method for teaching the concept of intonation and 
improving the intonation accuracy of musicians (Graves, 
1964; Miles, 1972). The present study was limited to 
pitch-matching trials involving melodic rather than 
harmonic unison intervals; as a consequence, the phenomenon 
of beats was not an external factor of intonation which 
could represent a possible contamination factor for the 
results of the experiment. 
Intensity variation 
The second addi tiona! consideration for the study was 
intensity variation of the subjects' response tones as a 
factor of intonation. Timbral research provides evidence 
that the relative intensities of the spectral harmonic 
components of various instrument timbres vary with extreme 
differences in the overall intensity of a tone (Schumann, 
1929; Jost, 1967; White, 1981). The change in the harmonic 
structure is accompanied by a perceptible change in timbre, 
including a possible change in the brightness of the sound 
---------------------- -
quality. In addition, pitch differences associated with 
intensity variation of tones produced on wind instruments 
are also a result of an increase or decrease of the 
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fundamental frequency due to increased blowing pressure or 
embouchure adjustments. For these reasons, the present 
study was limited to observations of the intonation 
tendencies of flute, oboe, and clarinet players during the 
performance of response tones with a loudness they 
perceived to be mezzo-forte (moderately loud). 
Research Hypotheses 
Three null hypotheses were treated in accordance with 
the stated purpose of this study. 
1. There is no significant difference in the 
intonation tendencies between groups of 
flute, oboe, and clar.inet players after 
accounting for instrument intonation 
deficiencies. 
2. TP~re is no significant difference in the 
l.:i~tonation tendencies within subjects for 
the different scale tones being performed 
after accounting for instrument intona-
tion deficiencies~ 
3. There is no significant difference in the 
intonation tendencies of subjects due to 
an interaction of instrument and scale 
tone. 
Importance of the Study 
Knowledge about the intonation tendencies for 
individual scale tones of one's instrument and of other 
performers' instruments is generally considered to be 
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useful for predicting and preventing ensemble intonation 
problems. such knowledge is also useful in the analysis of 
intonation problems among performers of various instrument 
types within a music class or rehearsal situation. 
Instrumental music educators recognize that the sharp and 
flat intonation tendencies of wind players for specific 
scale tones are often associated with intonation 
deficiencies of musical instrument~. Investigation of the 
intonation tendencies o·f flute, oboe, and clarinet players 
after accounting for instrument intonation deficiencies may 
provide addi tiona! information which may be used to improve 
ensemble intonation. Such information also may be applied 
to instrumental music pedagogy with regard to the 
development of tone production methods which improve 
intonation. 
CHAPTER II 
REVIEW OF LITERATURE 
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As stated by Plomp (1970), timbre (commonly referred 
to as tone quality) is a multidimensional attribute of 
sound. The definition of timbre in the broadest sense 
refers to a category of sound perception involving 
identification of the distinctive tone qualities of the 
human voice and individual musical instruments. In a 
narrower sense, timbre is a qualitative attribute of sound 
which describes a perceptible difference in two tones of 
equivalent frequency, intensity, and duration. 
Many early studies in the area of timbral research 
were focused on measurement of the relative intensities of 
the harmonic spectral components which describe the 
physical characteristics of individual instrument timbres. 
l1ore recent studies provide evidence that the onset (or 
"attack") portion of a sound envelope is also a primary 
physical factor involved in the recognition and 
discrimination of different musical instrument timbres 
{Winckel, 1967; Elliot, 1975). Research investigating 
brightness as a category of timbre perception in a narrower 
sense is, however, generally limited to st~dies involving 
samples of the steady state portion of the sound envelope. 
'fhe following review of the literature is a summary of 
---------~-~-~~~---~-
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pertinent information concerning the concept of brightness; 
timbral differences of flute, obce, and clarinet tones; and 
the apparent brightness differences of these instrument 
timbres as a possible factor of intonation. 
Brightness 
The concept of brightness represents a dimension of 
tone quality perception often associated with the 
perception of pitch differences between musical tones of 
equivalent fundamental frequency and intensity (Stauffer, 
19541 Meyer, 1978a). Stumpf ( 1914) first introduced the 
contrasting paired adjectives of dark-bright, dull-sharp 
(or smooth-rough), and full-empty (or broad-thin) to 
describe three distinctive qualitative dimensions of 
hearing perception which are not fully explained by the 
Helmholtz ( 1863) theory concerning the sensation of sound 
phenomenon. According to Helmholtz, pitch, tone quality, 
and loudness are the primary subjective attributes of sound 
..tnd have direct one-to-one relationships with the physical 
characteristics of frequency, .harmonic structure, and 
intensity, respectively. Experimental and Gestalt 
psychologists of the early twentieth century al:so disagreed 
with Helmholtz concerning the number of distinct 
qualitative attributes of sound but could not support their 
theories with scientific evidence. Revesz ( 1913) proposed 
a two component theory of pitch which divided pitch 
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perception into two dimensions, including the perception of 
pitch on a low to high continuum related to a measurable 
increase of fundamental frequency (chroma) and also the 
perceptual phenomenon involving the similarity of complex 
tones produced in different octaves (octave similarity). 
According to the Hornbostel (1926) theory concerning 
the psychology of hearing phenomena, the perception of 
pitch is a function of the brightness of a musical tone. 
Hornbostel stated that the tone quality of a complex tone 
is relatively brighter than the tone quality of a pure 
tone. For example, the pitch quality or brightness of the 
tone a4 ( 440 Hz) produced on a piano sounds higher than a 
tone of equivalent fundamental frequency produced with a 
tuning fork. 
Wellek ( 1934) compared the theories of Hornbostel and 
Revesz with the consonance theory of Krueger (1903). 
Wellek proposed a theory of the multidimensionality of 
pitch as the key to the systemization of musical phenomena. 
He concluded that brightness as a dimension of tone quality 
also represents a dimension of pitch. 
Stevens { 1934) described the dimensions of pure tones 
as pitch, loudness, volume, and density. Comparing complex 
tones of equal intensity and fundamental frequency, Lichte 
( 1941) described three characteristics of timbre important 
in the study of musical tones. 
1. brightness--being a function of the location 
of the midpoint of the energy distribution on 
the frequency continuum -
2. roughness--being present in tones containing 
consecutive high partials above the 6th 
harmonic 
3. fullness--being a function of the relative 
presence of odd- and even-numbered harmonics 
of a tone 
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Both Stevens (1934) and Lichte (1941) concluded that 
each subjective attribute of sound is related to more than 
one of the physical att-ributes frequency, harmonic 
structure, and intensity. Related research concerning the 
dependency of pitch perception on the harmonic structure of 
a musical tone includes studies of periodic! ty pitch and 
residual pitch (Seebeck, 1841, 1843, 1844a, and 1844b; Ohm, 
1843, 1844; Helmholtz, 1857' Kranz, 1923; Fletcher, 1924, 
1934; Shower and Biddulph, 1931; Stevens, Volkman and 
Newman, 1937; Schouten, 1940a). Periodicity pitch involves 
the retention of a pitch sensation related to the 
fundamental frequency of a musical tone when the 
fundamental harmonic is eliminated (Licklider, 1954; Lichte 
and Gray, 1955; Houtsma and Goldstein, 1972). Residual 
pitch is a type of periodicity pitch involving only the 
eighth and higher harmonics which constitute what is 
referred to as the 11 residue" (Schouten, 1940a). 
Other related research concerns the theory of spectral 
dominance. According to this theory, the perception of 
pitch on a consistent basis is dependent on the relative 
dominance of harmonics in the most sensitive frequency 
range of human hearing (Lichte and Gray, 1955; Ritsma, 
1967; Plomp, 1967a, 1967b; Bilsen, 1973). 
Based on an extensive review of the literature 
concerning the relationship of pitch and tone quality, 
Hesse (1972) summarized that there are actually three 
brightness continua which are respectively related to 
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variations of frequency, harmonic structure, and intensity. 
1. One brightness· continuum occurs when the 
relative number and intensities of the 
harmonic components remain constant but the 
fundamental frequency increases ( Revesz, 
1913). 
2. A second brightness continuum occurs when the 
fundamental frequency remains constant but 
higher frequency spectral components of the 
harmonic structure are added (Hornbostel, 
1926). 
3. A third brightness continuum occurs when the 
formant of a musical tone is displaced to a 
lower or higher frequency range. This can 
also be described as a change of brightness 
due to a relative decrease or increase in the 
intensities of higher harmonics (Stumpf, 
1890; Hermann, 1890; Schumann, 1929). 
Timbral Differences of Flute, Oboe, and Clarinet Tones 
Formant theory 
The characteristic tone qualities of flute, oboe, and 
clarinet are distinctly different and are physically 
desct"ibed by specific differences in the harmonic 
structures of their respective toneso Numerous studies 
describe the harmonic structures that characterize the 
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timbral differences of tones produced on various orchestral 
instruments. The earliest studies (Stumpf, 1890; Hermann, 
1890) described general differences of harmonic structures 
of instrument timbres involving an application of the 
formant theory. 
A formant is described as a set of consecutive 
harmonics which are consistently strong in relative 
intensities within a distinct frequency range (formant 
region) of the harmonic- structure of a musical tone. 
According to the formant theory, the presence of formants 
in various frequency ranges provides each instrument with 
its characteristic timbre. The existence of one or more 
formantJ; is a result of the reinforcement of specific 
harmonics due to the particular resonance properties of the 
instrument. For example, tones of equivalent fundamental 
frequency performed on the violin and viola have slightly 
different timbres because the resonance properties of the 
viola are in a lower frequency range than those of the 
violin (James, 1937). 
Hermann ( 1890) concluded that the formant region of 
dominant spectral components for each instrument is 
independent of the fundamental frequency of the tone. 
Schumann ( 1929) investigated the general phenomenC~n of 
formant regions that appear with instrument tones and 
concluded, however, that the position of an instrument 
formant is also dependent on the intensity with which a 
24 
tone is played. Consequently, the intensity and resulting 
loudness of a musical tone as factors of woodwind tone 
production may have an effect on the relative brightness of 
instrument timbre. For example, the displacement of a 
formant to a higher frequency range due to an increase in 
the air pressure used to produce a tone on a woodwind 
instrument may result in a relative increase in brightness. 
Jost ( 1967) confirmed Schumann's conclusions in a study of 
clarinet tone quality a·nd intonation. He stated that the 
harmonic structure, most notably the formants, of clarinet 
timbre varies with loudness variation. 
Spectral analysis of instrument timbre 
The first published studies involving the scientific 
systematic measurements of the relative intensities of the 
harmonic spectral components which characterize instrument 
timbres (Miller, 1922; Richardson, 1929; Meyer and Buchman, 
1931) were verified by later studies which utilized more 
sophisticated measurement equipment (Hague, 1947; Benade, 
1970). Although the tone quality of a woodwind instrument 
type may vary somewhat between performers of different 
national and regional schools of playing (Bate, 1975), 
distinct differences in the general timbres of each 
instrument type are described by general differences in the 
harmonic structures of their tones. The following 
documentation describes the general harmonic structures of 
flute, oboe, and clarinet timbres which provide evidence 
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for the apparent brightness qualities of these instruments. 
Flute. According to Seashore (1938), "The flute gives 
the purest and thinnest tone of all orchestral instruments. 
The fundamental contains 100 per cent of the energy in the 
highest tones and there are only five partials in each of 
the lowest two'' ( p. 189). In a more recent comprehensive 
study of timbral variation of tones produced on five brands 
of professional model flutes (White, 1981) concluded that 
the number of harmonic ·spectral components gradually 
decreases systematically with an increase in the 
fundamental frequency (low to hig~1 continua of scale 
tones). White also observed that an increase in the 
loudness of a flute tone is also accompanied by an increase 
in the number of consecutive harmonics. 
Oboe. Helrnhol tz ( 1890) stated that the general 
"nasal" quality of oboe timbre is related to the presence 
of many harmonic spectral components. According to Bate 
(1956, Third Edition 1975), the tone quality of the oboe 
varies, somewhat, between successive tones and becomes 
progressively thinner in a perfo'!:Jnance ryf an ascending 
scale throughout the playing range -')f \':.h(:, :.:.nst~n:m."":'-':-. Bat.s· 
also summarized generalizatio:r:;s of. Hague ( 1947) about 
differences in the harmonic structure of oboe tones in the 
low, middle, and high registers of a typical French oboe 
used by many American and European performers. 
1. There appear to be no important overtones of 
a greater frequency than 7, 000 cycles per 
second in any !)£ the notes investigated. 
2. The low and middle registers are rich in 
overtones up to about the sixteenth harmonic. 
3. In the low register the first five overtones 
appear as nearly equal in strength to the 
fundamental. The: fundamental becomes more 
prominent in the harmonic array as we descend 
(Bate, 1957, p. 126). 
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Clarinet. The timbre and related harmonic structure 
of clarinet tones have ·been investigated extensively in a 
series of studies published in the Journal of the 
Acoustical Society of America. From an early study in this 
series, Voxman ( 1936) formulated the following conclusions. 
1. There is no evidence of a fixed formant as 
the determinate of clarinet timbre. 
2. There is no consistent concentration of 
energy in any specific harmonic. 
3. Both odd- and even-numbered harmonics exist 
but the odd-numbered harmonics predominate 
throughout. This predominance decreases with 
an increase of the fundamental frequency. 
4~ The acoustic spectrum for a tone of a given 
frequency is definitely a function of the 
intensity level; the louder the tone played, 
the more extended is the series of overtones 
and the greater their intensity relative to 
the fundamental. 
Meyer (1964a; 1965) concluded that well known 
generalizations about the characteristically "flat 11 pitch 
quality of clarinet tones may be associated with the 
relative weakness in the intensities of the even harmonic 
spectral components. 
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Jost ( 1967) conducted a study concerning differences 
in the tone quality of three classifications of clarinet 
players: a member of a major professional symphony 
orchestra, a member of a amateur community orchestra, and a 
member of a popular dance band. subjects in the experiment 
described distinct timbral differences, including 
brightness differences, associated with the tones produced 
by the three clarinet players. In general, the clarinet 
tones produced by the professional player were relatively 
dark compared to the toner:; produced by the other two 
clarinetists. The tones produced by the dance band 
clarinetist were relatively bright compared to the tones of 
the other two clarinetists. 
Jost found that the harmonic structures of the 
clarinet tones also varied with different levels of 
loudness. He concluded that an increase of blowing 
pressure needed to produce relatively loud tones resulted 
in an increase in the relative number and intensities of 
higher harmonic components. Relatively soft tones were 
darker than relatively loud tones, particularly for the 
amateur clarinetist. The harmonic structure of tones 
produced by the professional orchestral clarinetist was 
more consistent for tones of different loudness. 
Jest concluded that the harmonic structures of 
clarinet tones produced by performers of different playing 
ability and experience were a result of differences in the 
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methods of tone production involving the amount of blowing 
pressure needed to produce tones of equivalent loudness. 
Jost stated, with an increase in the blowing pressure 
required for an increase in loudness of a clarinet tone, 
the formants are displaced to higher frequency regions. 
The result was an increase of relative brightness of 
clarinet tone. 
According to Jest, the pitch of a clarinet tone is 
primarily dependent on ·the ~undamental frequency but is 
also affected by its harmonic structure. The harmonic 
structure of a clarinet tone varies throughout the playing 
range of the instrument (involving selection of the 
fundamental frequency) and according to the blowing 
pressure required for loudness variation (intensity 
variation). In general, the pitch, tone quality, and 
loudness of clarinet tones are interrelated subjective 
attributes of sound and each are dependent on three 
physical attributes of sound: fundamental frequency, 
harmonic structure, and intensity. 
Brightness Preferences of Individual Performers 
The relative brightness of a musical tone also 
represents an area of tone quality evaluation involving the 
pedagogy of woodwind and brasswind tone production. 
Although the characteristic timbre of an instrument may be 
quite distinct to a listener, the timbral quality may vary 
for tones produced by different performers of the same 
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instrument type. The evaluation of tone quality is, 
however, subjective; and judgments about the acceptability 
of a performer's tone quality vary among musicians. Madsen 
and Geringer ( 1976; 1981) state that in studies concerning 
preferences for tone quality and intonation, subjects were 
unable to discriminate "good" versus "bad" tone quality 
within a musical context. The researchers recommended that 
the vast amount of time that many instrumental musicians 
devote-t-o-ttre search fur----ttre-uitimate tone quality may be ___ _ 
more profitably spent on the development of good 
intonation. 
The characteristic tone quality of a woodwind 
instrument also varies among performers in different 
countries and different schools of playing within a single 
country. Research evidence suggests a possible reason many 
musicians, particularly in the United States and Germany, 
prefer a relatively dark tone quality. Such a preference 
may, however, actually be a preference for tones with a 
minimum of 11 roughness." According to Helmholtz ( 1863), 
1. simple tones sound s'1eet and pleasant without 
any roughness, but dull at low frequencies; 
2. complex tones with moderately loud lower 
harmonics up to the 6th sound more musical 
and rich than do simple tones, but they are 
still sweet and pleasant if the higher 
harmonics are absent~ 
3. complex tones with strong harmonics beyond 
the 6th or 7th sound sharp, rough, and 
penetrating (pp. 118-119). 
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Lichte ( 1941) defined roughness as being present in 
tones containing consecutive high harmonics above the 6th. 
Plomp and Levelt ( 1965) stated that roughness effects of 
higher harmonics are due to the number of critical bands 
for frequency detection in hearing. According to Level t ~ 
~- (1966), tone pairs containing many harmonics sound 
generally more dissonant than tone pairs containing only a 
few harmonics. Terhardt (1974b) described the tonal 
dissonance of roughness as at. historical origin of the 
Western musical scale. 
Based on the above statements, an acceptable and 
pleasing tone quality appears to be a result of a 
predominance of the lower 6 harmonics. If true, this would 
account for the desire of many instrumental musicians to 
produce a relatively dark sound. For example, tone 
production factors which would diminish the predominance of 
the higher frequency harmonic components of oboe tones 
would result in a relatively darker oboe tone quality. 
Consequently, a relatively darker oboe tone quality would 
be more similar to the brightness quality of many other 
instrument timbres. 
Numerous pedagogical articles in music education 
journals describe various other physical factors of 
woodwind tone production which may have an effect on the 
brightness quality of a performer's toneo These include 
primary aspects such as variation in the quality of 
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instrument; mechanical condition of the instrument (leaking 
pads, for example); physical dimensions of the mouthpiece; 
and, density and thickness of reeds. 
summary of Apparent Brightness Differences 
of Flute, oboe, and clar1net Tones 
The following statements summarize apparent brightness 
characteristics and differences of flute, oboe, and 
clarinet timbres. 
1. Flute tones are relatively dark consisting of 
five or fewer consecutive harmonics in which 
the fundamental harmonic is strongly 
predominant. 
2. Oboe tones are relatively bright consisting 
of many lower and higher harmonics but the 
lower harmonics are predominant in relative 
intensities. 
3. Although clarinet tones consist of many 
harmonics, tones produced in the lower 
register of the instrument are relatively 
dark due to the prominance of the fundamental 
and third harmonics and the relative weakness 
in the intensities of the even-numbered 
harmonics. 
4. The harmonic structures of woodwind 
instrument timbre varies somewhat for tones 
throughout the frequency range of 
performance. 
5. The harmonic structures of flute, oboe, and 
clarinet tones become more similar in the 
upper registers of each instrument. 
6. The brightness quality of flute, oboe, and 
clarinet timbres vary among individual 
musicians due to variables involving methods 
of tone production. 
32 
CHAPTER III 
RESEARCH METHOD AND PROCEDURES 
Research Design 
The study was designed to determine the intonation 
tendencies of flute, oboe, and clarinet players. The 
research design for the study was a mixed 3 (instrument) X 
15 (scale tone) factorial analysis of covariance with a 
covariate changing across trials. The three levels of the 
between subjects factor represent the three woodwind 
instruments involved in the study (flute, oboe, and 
clarinet). The 15 levels of the within subjects factor, 
which is nested in the between subjects factor, represent 
the 15 scale tones performed by subjects on their 
respective instruments. The dependent variable was the 
measurement, in cent deviations, of intonation tendencies 
of subjects during pitch-matching trials involving the 15 
scale tones. The covariate (intonation deficiencies) was 
the measurement of the instrument intonation deficiencies 
occurring across the 15 scale tones performed by each 
subject. 
The covariate of the research design was a concomitant 
variable which represented a possible contamination factor 
of the dependent variable. The analysis of covariance 
permitted a EE!!-hoc statistical control for one or more 
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concomitant Vdriables and reduced their influences on the 
dependent variable for the comparison of group means. The 
result of the analysis provided a set of adjusted means for 
the dependent variable which described addi tiona! group 
differences not attributed to the covariate factor (Winer, 
1971). 
The subjects for the study were undergraduate and 
graduatA music majors at the University of North Carolina 
at Greensboro (,!! =9 per instrument group). Flute, oboe, or 
clarinet was the major instrument of each subject. Music 
instructors of the three instruments asked their students 
to voluntarily participate in a study of woodwind 
intonation characteristics. volunteers were accepted until 
a total of nine subjects per instrument group was acquired. 
After possible contamination lactors involving between 
group differences of age, education, and experience were 
examined, the subject selection process was determined to 
be Yalid. As shown in '!.'ilble 1 below, the three 
experimental groups were simila1~ t<!i t.r.~ JCega:cd to 
chronological age, education {years of college !ll·.tudy), and 
musical experience (years of playing experience and years 
of private study on the instrument). Complete data 
concerning the chronological age, education, and musical 
experience of individual subjects are shown in Appendix A. 
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TABLE 1 
Group means for chronological age, education, and 
experience of subjects. 
Age Years of Years of Years of 
of College Playing Private 
Subjects Study Instrument Study 
Instrument 
Group: 
Flute 19.87 2. 44 8.67 6. 00 
Oboe 21.00 3. 33 7. 45 5. 56 
Clarinet 20.56 2.89 8. 00 5. 89 
All subjects: 
Mean 20.48 2.89 8.41 5. 82 
Median 20.00 2. 00 8.00 6. 00 
Minimum 18.00 1.00 2. 00 1.00 
Maximum 28.00 10.00 15.00 14.00 
Description of the Study 
The study involved two tests of intonation 
performance. Th.e Intonation Deficiencies Test (IDT) was 
designed to determine the characteristic 11 Sharp" and "flat 11 
intonation deficiencies for individual scale tones across 
each subject's instrument; these data served as the 
covariate. During the IDT, subjects performed two trials 
for each of the 15 scale tones with their respective 
instruments, resulting in a total of 30 trials. Subjects 
were instructed not to adjust for the characteristic 
"sharp" or "flat" intonation of each tone resulting from 
instrument construction. Subjects were also asked to 
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perform each response tone with the "best" possible tone 
quality and with a loudness they perceived to be typicallly 
~-forte for their instruments. The requested duration 
of each response tone was approximately three to four 
seconds. 
The Intonation Tendencies Test (ITT) was designed to 
determine the intonation tendencies of subjects when they 
performed a scale tone and attempted to match the pitch of 
recorded stimulus tone.· Subjects performed two trials for 
each of the 15 scale tones. For each of the 30 trials of 
the ITT, the subjects listened to a recorded stimulus tone; 
and immediately after its conclusion, performed a response 
tone of equivalent pitch with a duration of approximately 
three to four seconds. Subjects also performed each 
response tone in the ITT with the "best'' possible tone 
quality and with a loudness they perceived to be mezzo-
forte. 
The test administrator specifically asked the subjects 
to perform tones in each test with the same perceived 
loudness, but the sound pressure level during performance 
trials were not measured. The variance in loudness across 
subjects may suggest a weakness in the study, but loudness 
studies indicate that musicians are capable of making far 
more subtle loudness judgments than traditional dynamic 
markings such as ~ezzo-forte suggest (Radocy and Boyle, 
1979, p. 47). 
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The two tests for the study were administered 
individually to each subject. For each test, subjects 
performed two test trials for each of the 15 s-cale tones. 
The nine subjects in each group performed the 30 trials for 
each test in a different random order arrangement of scale 
tones. Subjects used individualized test sheets which 
included trial numbers and appropriate musical notation for 
the order of scale tones performed in each test. For the 
ITT, the musical notation for the order of scale tones 
corresponded to the recorded tones used as pitch stimuli 
during the pitch-matching trials. 
In an attempt to administer the tests efficiently and 
to prevent decreased reliability due to fatigue, the 
duration of each test was limited to approximately six 
minutes. The duration of each test trial for both the IDT 
and the ITT was approximately twelve seconds. Each test 
trial of the IDT included an announcement of test trial 
number (approximately three seconds), the subject's 
response tone (three to four seconds), and a rest period 
between trials (approximately five to six seconds). The 
test administrator measured the response of the subject for 
each trial and recorded the measurement data on a copy of 
the test sheet used by the subject. 
Each test trial of the ITT included an announcement of 
test trial number (approximately three seconds), 
presentation of a stimulus test tone of three seconds 
duration, the subject's response tone (three to four 
seconds), and a rest period between trials (approximately 
two to three seconds) during which the test administrator 
recorded the measurement data. The total duration of the 
30 trials for each test (with 12 seconds per trial) was 
approximately 360 seconds (six minutes). 
37 
The total duration of the individual test 
administration for each subject was approximately 25 
minutes. The complete ·procedure for each subject included 
a brief description of the study by the administrator, 
verbal announcement of initial test instructions, 
addi tiona! instrument warmup and tuning, presentation of 
recorded instructions for each test, and two practice 
trials prior to each test. 
Selection of Scale Tones 
The tests were limited to the study of 15 scale tones 
(within subjects factor). This decision allowed for an 
appropriate duration of each test which limited any fatique 
factor which might reduce the test reliability. Musical 
notation of the scale tones selected for use in the study 
are shown in Figure 1 below. 
Two criteria were used for selection of the specific 
scale tones involved in the experiment. The two octave 
range of scale tones from d<~ to ds was selected to 
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FIGURE 1. Scale tones involved in the study. 
represent a performance range common to flute, oboe, and 
clarinet. The specific 15 scale tones within the two 
octave range were selected to include a minimum of key 
signature flats and sharps for each instrument type. Test 
sheets used by clarinet players as subjects included the 
appropriate musical notation of transposition for B-flat 
clarinet. 
Test Materials and Equipment 
Test sheets 
Test sheets were used during the administration of the 
two tests to provide subjects with a visual stimulus of the 
musical notation for the scale tone performed during each 
test trial. Copies of the test sheets also were used by 
the test administrator as score sheets to manually record 
measurement observations of the subjects' responses. A 
copy of the test sheet used as a score sheet for subject Fl 
was included in Appendix C. 
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Nine equivalent test form sheets were designed and 
randomly assigned to the nine subjects within each group 
for each test. Each test form included 30 trials (two for 
each scale tone) arranged in a different random order to 
eliminate the possible effects of trial order of the 15 
scale tones. 
Test equipment 
The following aud.io equipment was used to produce 
master cassette tapes of recorded audio test stimuli. 
Ensoniq ESQl digital wave synthesizer with on-board 
eight-track sequencer 
Aiwa stereo cassette recorder 
Yamaha Model MTX four track cassette recorder with 
variable pitch control 
Yamaha Professional Series Model P2100 power amplifier 
JBL Model 4312 control monitor (loudspeaker) 
6 Maxell XLII 90 high bias chromium oxide audio 
cassettes 
Stereo headphones and assorted audio cables 
The Yamaha recorder, amplifier, and loudspeaker also were 
used to present the audio test stimuli during the admini-
stration of two tests. The cent deviation meter of a Korg 
Model WT-12 audio tuner was used by the test administrator 
to measure cent deviations of the fundamental frequencies 
of response tones during the tests. Additional equipment 
used in the experiment included a music stand, two chairs, 
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and a table. 
cassette tapes of audio test stimuli 
Audio cassette tapes were used to present the audio 
test stimuli. For both the IDT and ITT, the audio test 
stimuli included recorded verbal test instructions, pitch 
reference tones of 84 ( 440 Hz) for instrument tuning and 
announcement of test trial numbers. For the ITT only, the 
audio test stimuli also. included the stimulus tones for 
each performance trial. 
The tapes were recorded in the Electronic Music 
Laboratory at the North Carolina School of Science and 
Mathematics (Durham). The 15 stimulus tones used in the 
ITT and the reference tone used for tuning were produced 
with an Ensonig ESQl digital wave synthesizer using a 
programmed cartridge sound labeled by the manufacturer as 
"BASIC." The timbre of the BASIC sound of the synthesizer 
is similar to that of a sawtooth waveform. 
The stimulus tones were recorded initially with a 
digital sequencer of the synthesizer. The stimulus tones 
for each of the 30 test trials of the I'l''l' were produced and 
recorded digitally with equivalent intensity and duration. 
Equivalent intensity was achieved by utilization of the 
velocity sensitive controls for the synthesizer keyboard. 
Equivalent duration of three seconds was controlled by the 
sequencer by recording each tone as a whole note of four 
beats (one measure of the sequencer) at a tempo of 80 beats 
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per minute. 
Using the "Create Sequence" function of the digital 
sequencer, 15 "sequences" were recorded, including one 
sequence for each of the 15 scale tones. For example, 
sequence one included only scale tone d4, and sequence two 
included scale tone 84. Each sequence included four 
measures (with 4 beats per measure) at a tempo of 80 
beats per minute. The first measure of each sequence 
consisted of a stimulus· tone of three seconds and was 
followed by three measures of the sequence which did not 
contain an audio stimulus from the synthesizer. The tuning 
reference tone of 84 (440 Hz) with a duration of 30 seconds 
was produced on the synthesizer with the 11 BASIC" prograDUied 
sound and recorded as sequence number 16 on the digital 
sequencer. 
Using the "Create Song" function of the sequencer, two 
series of the 15 sequences were "chained" into a "song" for 
each of the nine test sheets. The nine songs recorded on 
the sequencer were designated as Songs A through I. The 
unique random arrangement of the scale tones of the 30 
sequences for each song corresponded to the musical 
notation for the 30 test trials of the appropriate test 
form sheet used in the experiment. 
Using an Aiwa stereo cassette recorder, a set of 
verbal test instructions and announcements of trial numbers 
1-30 (at twelve second intervals) were recorded on an audio 
cassette tape (cassette 1). The master cassette tapes 
including instruction, trial numbers, tuning reference 
tone, and audio test stimuli for each trial were 
transferred to master cassette tapes for each of the test 
forms by using multi track recording techniques. 
Testing Procedure 
Test facility and physical arrangement of test equipment 
The experiment was· conducted in a classroom of the 
School of Music at the University of North Carolina at 
Greensboro. The physical dimension of the test room was 
approximately 15 feet by 30 feet with a ceiling height of 
approximately 12 feet. 
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The audio equipment used to present the recorded audio 
test stimuli included Yamaha four track tape deck used to 
record the test tapes, a Yamaha Professional Series Model 
P2100 power amplifier, and a JBL Model 4312 control monitor 
(loudspeaker). The Yamaha tape deck also was used to 
record the audio stimuli. The equipment was placed in one 
corner of the room with a table and chair for the test 
administrator. A music stand and chair for subjects were 
placed in the center of the test room. 
Test administration 
Tests were administered to each subject on an 
individual basis during one of two test days. The test 
administrator contacted each subject at least one week 
prior to the administration of the tests to schedule date 
and time for participation in the study. Upon arrival, 
subjects prepared for the tests by playing their 
instruments with their usual warmup procedures. Each 
subject was allowed at least 15 minutes to perform the 
warmup in one of several practice rooms adjacent to the 
testing room. 
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Before each subject entered the testing room, the test 
administrator conducted an equipment check and calibrated 
the frequency of the cent deviation meter used for data 
collection. The test tape was played to ensure that the 
test form number of the test tape corresponded with the 
test sheet being used. The tape was also played to 
calibrate the test tape with the cent deviation meter. The 
playback speed of the test tape was adjusted using the 
variable pitch control of the cassette recorder to 
calibrate tuning reference tone of the master cassette tape 
with a fundamental frequency of a4 ( 440 Hz). The test 
sheet of the preassigned test form for each subject was 
placed on the music stand prior to each individual testing 
session. 
After a subject entered the test room, the test 
administrator introduced himself and asked the subject to 
be seated. Following a brief description of the 
experiment, the test administrator asked the subject 
questions concerning chronological age, educational 
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background, and performance experience. The test 
administrator then asked the subject to play the instrument 
for several minutes to become accustomed to the acoustical 
conditions of the test room. The subject was allowed the 
option to sit or stand during the remainder of the test 
administration. 
When a subject was ready to begin, the test 
administrator presented the recorded instructions for the 
Intonation Deficiencies Test. Following the instructions, 
the test administrator asked if the subject needed 
clarification of the test procedure. After discussion of 
the instructions, the subject listened to the 30 second 
tuning reference tone and made tuning adjustments of the 
instrument. The tuning process repeated as needed until 
the subject determined that the instrument was in tune. 
After the subject finished tuning the instrument, the 
test administrator asked if the subject was ready to begin 
the test or had any other questions. When the subject was 
ready to begin, the test administrator started the audio 
playback of the cassette tape with recorded announcements 
of test trial numbers for the IDT. The subject performed 
the rC!sponse tones for each of the 30 performance trials 
using the randomly preassigned test sheet. 
A similar procedure was used for the administration of 
the Intonation Tendencies Test. The cassette tape for the 
ITT also included the audio stimuli for the pitch matching 
trials. After completing the ITT, the test administrator 
thanked subjects for participating in the experiment and 
stated that they would be notified of the results of the 
experiment. 
Data collection 
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During the administration of the IDT, the test 
administrator used the cent deviation meter of a Korg Model 
WT-12 Audio Tuner to measure the direction and magnitude of 
cent deviations for each trial. A positive cent deviation 
for an IDT test trial represented a characteristically 
"sharp" intonation deficiency of a specific scale tone of a 
subject's instrument relative to equal tempered tuning. A 
negative cent deviation represented a characteristically 
"flat'' intonation deficiency of a specific scale tone of an 
instrument. 
During the administration of the ITT, the test 
administrator measured cent deviations for differences in 
the fundamental frequency of a response tone with a 
corresponding stimulus tone in each performance trial. 
Stimulus tones were tuned to the equal-tempered chromatic 
scale based on a4 (440 Hz) as a reference for tuning. The 
positive or negative cent deviations for the ITT test 
trials indicated the respectively 11 sharp 11 or ''flat" 
intonation tendencies of each subject. A "sharp" 
intonation tendency corresponded to a response tone 
produced with a fundamental frequency which was higher than 
46 
the fundamental frequency of its corresponding stimulus 
tone. A 1'flat 11 intonation tendency indicated a response 
tone produced with a fundamental frequency which was lower 
than the fundamental frequency of the corresponding 
stimulus tone. 
Data for each subject's 30 performance trials in each 
test were transferred from the individual test score sheets 
to master score sheets. The complete data for the IDT and 
the ITT are shown in ta.bles of Appendix D and Appendix E, 
respectively. 
Statistical Analysis Procedures 
Test reliability 
To determine intrasubject and intersubject test 
reliability and to obtain accurate test data, each subject 
participated in two test trials for each of the fifteen 
scale tones performed in each of the two tests. Test 
reliability coefficients were calculated using the Pearson 
Product Moment Correlation procedure of the MINITAB 
computer program, (Ryan, Joiner and Ryan, 1985). 
The method used to determine the intrasubject test 
reliability for the IDT and ITT involved the correlation of 
the two sets of cent deviations for the 15 scale tones of a 
test (test-retest reliability). This method resulted in 
the calculation of 27 reliability coefficients for each 
test to determine which of the subjects had consistent cent 
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deviation scores. 
The method used to determine intersubject test 
reliability for each test involved the correlation of the 
two sets of cent deviation scores produced by all subjects 
for each scale tone. This method resulted in the 
calculation of 15 intersubject reliability coefficients per 
test and determined the consistency of cent deviation 
scores for each of the 15 scale tones. 
Relationships of age, education, and musical experience 
w1 th the overall 1ntonat1on tendenc1es of each subJect 
The mean of the 30 test trial cent deviations for each 
subject during the lOT (Appendix H) was calculated as a 
measure of the overall intonation deficiencies of each 
subject's instrument. The mean of the 30 test trial cent 
deviations for each subject during the ITT (Appendix H) was 
calculated as a measure of the overall intonation tendency 
of the subject. The resultant means for each subject in 
each test were used to study chronological age, education, 
private study, and experience as possible factors of 
contamination. The Pearson Product Moment Correlatior, 
procedure of the MINITAB computer program was used to 
analyze possible contamination relationships. 
Tests of the null hypotheses 
The mean of each subject's two cent deviation scores 
for the same scale tone of a test sheet was calculated for 
for both the IDT and the ITT. The resultant 15 mean cent 
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deviation scores for each test (Appendix I) were used in 
the statistical analysis. The statistical design was a 3 
(instrument) by 15 (scale tone) analysis of covariance with 
repeated measures on the second factor. The Greenhouse-
Geisser test with corrected degrees of freedom for a 
repeated measuras design was used to determine the 
probability of significant effects for the within subjects 
factor scale tone and the interaction of instrument and 
scale tone (Muller and 'Barton, 1988). The statistical 
analysis procedure for tests of the null hypotheses 
involved use of the BIIDP-P2V statistical Analysis computer 
program (Dixon and Brown, 1989). The program provided cell 
means of the dependent variable and covariate in addition 
to the inferential statistics used for tests of the null 
hypotheses. 
Line graphs and regression lines of group cell means 
'!'he Chart-Master computer program, version 6.1 (n.d.) 
was used to produce line graphs and regression lines of the 
group cell means. The line graphs and regression lines 
were plotted to illustrate group differences for each scale 
tone for both tests and to illustrate similarities of the 
dependent variable and the covariate for scale tones within 
each group. 
Post-hoc analyses 
The Bonferroni ~ test was used in the .2£!!-hoc 
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analyses to determine significant differences between 
levels of the main effects or interaction effects involving 
repeated measures research designs. The Bonferroni test 
adjusts the overall alpha level for the number of 
comparisons being performed. The test is considered as a 
test which is not overly conservative nor too liberal 
involving alpha error (Miller, 1966; Winer, 1971). 
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CHAPTER IV 
RESULTS AND STATISTICAL ANALYSIS 
Data for the Intonation Deficiencies Test ( IDT) and 
Intonation Tende1:1.ci~s Test (ITT) were included in Appendix 
D and Appendix E, respectively. The raw data consisted of 
cent deviation measurements for each subject's response 
tones for the 30 trials· of each test, including two trials 
for each of the fifteen scale tones performed on each 
subject's instrument. 
Test Reliability 
Intrasubject test reliability 
The intrasubject reliability was analyzed for the IDT 
and ITT with the Pearson Product Moment Correlation. The 
procedure involved a correlation of each cent deviation 
measurement for the first trials of the 15 scale tones with 
those of the second trials. The intrasubject reliability 
coefficients for each subject were included in Appendix F. 
In general, the cent deviation scores of most subjects 
were consistent. For the IDT~ seventy-four percent of the 
intrasubject reliability coefficients were in the range of 
.£ = • 65 to . 95. For the ITT, ninety-six percent of the 
intrasubject reliability coefficients (.!!:_ = 27) were in the 
range of r = .65 to .95. 
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Intersubiect test reliability 
The intersubject reliability of the method and 
procedure for each test also was analyzed for each scale 
tone with the Pearson Product Moment Correlation. The 
analysis involved the correlation of the corresponding 
pairs of cent deviation measurements for all subjects (.!!_ = 
27) for each of the fifteen scale tones involved in the 
study. The intersubject reliability coefficients for each 
scale tone were included in Appendix G. 
The range of intersubject reliability coefficients for 
all of the fifteen scale tones of the IDT was .£ "" .82 to 
.97 with a median coefficient of! ""' .93. The range of 
intersubject reliability coefficients for the IDT was 
!. = .52 to .90 with a median coefficient of.£= . 79. 
Ninety-three percent of the inter subject reliability 
coefficients for the ITT were in the range of .!. = .65 to 
.90. The range of coefficients for twelve of the fifteen 
scale tones of the ITT was .!. "" • 75 to . 90. The scores of 
subjects were less consistent in the ITT for scale tones Cs 
(.£"" .52), ds (!."" .65), andes (.!_ = .66). 
Apparently, the intonation deficiencies for scale 
tones of flute, oboe, and clarinet were very consistent for 
test trials of the IDT. Subjects were, however, less 
consistent in their intonation tendencies during the ITT, 
particularly for scale tones cs, ds, and es. 
Relationships of Age, Education, and Experience 
w1th Overall IntonatJ.on Deh.cJ.encJ.es and 
Intonat1on TendencJ.es of SubJects 
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The correlation coefficients for relationships between 
the overall intonation defic1.encies and intonation 
tendencies of subjects with the chronological age, 
education (years of college study), years of playing 
experience with the instrument, or years of private study 
are included in Table 2 below. 
TABLE 
Correlation coefficients for relationships of age, 
education, and musical experience of subjects with overall 
intonation deficiencies and with overall intonation 
tendencies. 
Intonation Intonation 
Deficiencies Tendencies 
Chronological Age -.12 -. 09 
Years of College Study -.26 -.15 
Years on Instrument -.36* • 07 
Years of Private Study -.30 • 06 
* l2 ~ • 05 
Based on the above correlation coefficients for the 
IDT, there is weak evidence to suggest possible inverse 
relationships of various types of musical performance 
experience with the overall instrument intonation 
deficienciese According to the ~ test of significance for 
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correlation coefficents, the relationship (!. • -. 363) of 
intonation deficiencies with years of playing experience 
with the instrument was significant (,E. ... 1:!'5). In general, 
the instrument intonation deficiencies of scale tones for 
less experienced woodwind players tended to be "sharpn , 
relative to those for more experienced players. 
Despite the apparent relationships of a subject's 
overall instrument intonation deficiencies with the 
subject's musical exper·ience levels, the relationships of 
intonation tendencies with chronological age, education, 
and various types of musical experience were negligible. 
The values of the correlation coefficients for these 
relationships were close to zero, in a range of .!. ... -.153 
to .073. In particular, the values of the coefficients 
were closest to zero for years of musical experience 
playing the instrument and private study. 
As seen in Appendix A, each of the subjects performed 
on professional model brand name instruments such that the 
brand of instrument was not an apparent factor. Experience 
did appear to be a factor of intonation deficiencies. More 
experienced woodwind performers may have developed more 
advanced tone production techniques which improved the 
general intonation characteristics throughout the 
performance range of an instrument. Consequently, the more 
experienced players required fewer intonation adjustments 
involving embouchure and other physical factors of tone 
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production during intonation tendencies performance tasks. 
The overall intonation tendencies of a subject apparently 
were not related, however, to musical experience. 
Results of the Analysis of Covariance 
Statistical design and null hypotheses 
The mean of the two cent deviation scores for each of 
the 15 scale tones was calculated for each subject's 
responses in the IDT an·d the ITT. The resultant 15 mean 
cent deviations for each test (Appendix H) were uced in the 
statistical analysis. The statistical design was a two 
factor 3 (instrument) by 15 (scale tone) analysis of 
covariance with repeated measures on the second factor. 
Results of the analysis of covariance {ANCOVA) with 
repeated measures procedure using the BMDP-P2V statistical 
Analysis program are included in Table 3. 
The first null hypothesis involved the between 
subjects factor of instrument with three levels and 
concerned the effects of timbral differences of flute, 
oboe, and clarinet tones on the intonation tendencies of a 
woodwind performer. The second null hypothesis examined 
the effects of scale tone (within subjects factor with 15 
levels), and the third null hypothesis involved the 
possible interaction between instrument and scale tone. 
The stated level of probability used for the treatment of 
the null hypotheses was p_ ""' • 05. 
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TABLE 3 
Results of Analysis of Covariance with Repeated Measures. 
Degrees Greenhouse 
source sum of of Mean F Geisser Regression 
Squares Freedom Square Probability Probability coefficients 
Instl'UIIeDt (I) 215J.I2 2 lll78.71 5.62 0.0103 
covariate ' 783.38 1 783.38 4.08 0.0551 0.1463 
1 Error 4412.59 23 191.85 
scale tone (S) 365.78 11 26.13 1.25 0.2402 0.2811 
&I interaction 960.77 28 34.31 1.61 0.0243 0.0753 
Covariate 2671.05 1 .2671.05 127.38 O.ODOO 0.1220 
2 Error 7024.43 335 20.97 
Epsilon Factor for Greeobouse-Geisser degrees of freed011 adjustment in Error ~erm 2 .. 0.4927 
Covariate effect 
The ANCOVA revealed a significant effect of instrument 
intonation deficiency on instrument intonation tendency 
across individual scale tones (E: < .0001, ! .., 127.28). 
These results support the assumption that the covariate 
instrument intonation deficiency was a significant 
concomitant factor of contamination for the dependent 
variable and that an analysis of covariance procedure was 
appropriate. 
The cell means, in cent deviation, for the instrument 
intonation deficiencies and intonation tendencies are 
included in Tables 4 and 5, respectively. Figures 2, 3, 
and 4 illustrate the influence of instrument intonation 
deficiencies on the intonation tendencies of subjects 
according to instrument group and scale tone. 
TABLE 4 
Cell means, in cent deviation, for test of instrument 
intonation deficiencies (covariate) . 
Scale tone 
Group 
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Flute 1.06 0.33 3.33 4.44 5.28 1.28 10.33 13.22 5.11 6.44 6.61 9.56 8.89 11.50 7.33 
Oboe 3.11 7.06 3.39 12.50 5.22 4.1112.78 15.17 16.33 4.1114.72 -6.22-12.6111.17 19.06 
Clarinet -2.39 -0.83 2.00 8.17 0.78 1.94 1.61 1.28 1.83 5.06 7.44 8.89 8.22 3.06 4.56 
TABLE 5 
Cell means, in cent deviation, for test of intonation 
tendencies (dependent variable). 
Scale tone 
Group 
Flute 2.28 4.00 5.17 6.00 7.89 8.50 6.83 10.33 5.17 5.61 5.28 5.06 6.17 6.28 5.22 
Oboe -0.83 1.39 -2.11 1.06 -0.11 0.12 -0.06 6.6110.83 -1.50 3.28 -2.50 -6.39 0.61 4.00 
Clarinet 2.17 1.33 3.89 8.06 3.00 3.83 2.83 3.11 2.72 4.83 7.8~ 10.11 9.61 6.72 4.78 
Flute. The line graphs of the cell means of the IDT 
and ITT for the flute group (Figure 4) are similar, illu-
strating the effect of instrument intonation deficiencias 
on the intonation tendencies of the flute players. The 
slopes of the two regression lines are quite different. 
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FIGURE 2. Instrument intonation deficiencies and 
intonation tendencies for the flute group. 
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FIGURE 3. Inst["ument intonation deficiencies and 
intonation tendencies for the oboe groupo 
59 
LINE GRAPH REGRESSION LINE 
INTONATION TENDENCY 
INTONATION DEFICIENCY -
~ 
zCL oa:: 
-<X: 
~~ 
G::io oz 
,_<X: 
:z~ 
WI 
u~ 
s ....._ 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 
-2 
-3 
I 
I 
d4 f4 a4 c5 e5 g5bb5d6 
e4 g4 b0 4 d5 f5 a5 c6 
SCALE TONES 
FIGURE 4. Instrument intonation deficiencies and 
intonation tendencies for the clarinet group. 
The cent deviations for the 15 scale tones performed 
by flute players in the IDT were positive values, 
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indicating sharp intonation deficiencies of the flute 
throughout the two octave range. The cent deviations for 
the ITT also indicated sharp intonation during the pitch-
matching trials; however, flute players increased the sharp 
intonation of scale tones in the lower octave of the 
instrument but decreased the sharp intonation for scale 
tones in the higher oct·ave. The resultant slope of the 
regression line for cell means of the dependent variable 
was approximately zero, indicating a general intonation 
tendencies cent deviation of six cents for scale tones 
performed by the flute group. 
Oboe. The general shapes of the line graphs for the 
instrument intonation deficiencies and intonation 
tendencies for the oboe group were also similar, indicating 
the effect of the covariate. The slopes of the regression 
lines were also similar, but the regression line of the 
cell means for the intonation deficiencies test is 
approximately five cents higher than the regression line 
for the intonation tendencies test. Although the general 
intonation deficiencies were sharp foi:" the majority of 
scale tones, the intonation tendencies of oboe players foi:" 
these tones were in an approximate range of -2.0 to 2.0 
cents. Howevel:", the intonation tendencies of the oboe 
group were approximately 8. 0 cents sharp for ds and es and 
-6.0 cents flat for b.,.s, apparently due to the extremely 
sharp and flat instrument intonation deficiencies of the 
oboe for these scale tones. 
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Clarinet. In general, the greatest similarity of cell 
means of the cent deviation scores for the two tests 
appeared in the clarinet group. The line graphs of the 
cell means for the two tests illustrate relatively small 
differences in the intonation tendencies of clarinet 
subjects as a group and the intonation deficiencies of the 
instrument. The slopes of the regression lines for cell 
means of the clarinet group are also similar for the two 
tests and only differ by approximately one to two cents 
throughout the two octave range of scale tones. 
Based on these observations, the intonation tendencies 
of clarinet players as subjects appear to be strongly 
related to the instrument intonation deficiencies of the 
clarinet. However, subjects in the clarinet group appeared 
to have a general tendency to perform with increased 
sharpness during pitch-matching trials, particularly for 
consecutive scale tones a4 to eS and consecutive scale 
tones as to dG. 
Tests of the null hypotheses 
Main effect of instrument. The value of the ! test 
statistic for the between groups factor of instrument was ! 
= 5. 62 and indicated a significant difference (£ = • 0103). 
Therefore, the first null hypothesis was rejected. There 
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was a significant difference in the intonation tendencies 
between instrument groups of flute, oboe, and clarinet 
players after statistically controlling for the effects of 
intonation deficiencies. 
Main effect of scale tone. The value of the ! test 
statistic for the within subjects factor of scale tone was 
! = 1.25. The probability of significance was .2 • 0.24 for 
the uncorrected .! statistic and E. ... 28 for the Greenhouse-
Geisser ! correction te·st statistic. As noted in Chapter 
III, the Greenhouse-Geisser test is used to adjust the 
degrees of freedom correction for within subjects factors 
in research designs involving repeated measures. There was 
no signifi-sant difference in the intonation tendencies of 
subjects for the main effect of scale tone. Retention of 
the null hypothesis indicates that the intonation 
tendencies of subjects did not vary significantly due to 
the selection of scale tones performed in the study. 
Interaction effects of instrument and scale tone 
The value of the ! statistic for the interaction 
effect was .! = 1. 64. The probability for the uncorrected ! 
test was .2 = • 02. However, the probability for the 
Greenhouse-Geisser test with corrected degrees of freedom 
for the ! statistic was .2 = .oa, not significant at the .05 
level. Therefore, the null hypotheses for the interaction 
effects of instrument and scale tone was not rejected. 
There was no significant interaction effect of instrument 
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and scale tone. 
Post-hoc Analysis of Instrument Main Effect 
The adjusted means, in cent deviation, for each level 
of the instrument main effect associated with timbral 
differences of instruments--are shown in Table 6. 
TABLE 6 
Adjusted group means fo_r main effect of instrument. 
Instrument 
Flute 
Oboe 
Clarinet 
Mean of adjusted cell means 
5.72 
o. 37 
5. 83 
The Bonferroni !: test was used to determine which 
differences of the main effect of instrument were 
significant. The Bonferroni critical value calculated to 
determine a significant difference between two instruments 
was !: = 4.40, involving three comparisons with 23 df at 
the .OS level of probability. 
The difference in the adjusted means for flute ( 5. 72 
cents) and clarinet (5a83 cents) was oll cents, smaller 
than the Bonferroni critical value for significant 
differencesa There was no significant difference (E. > .05) 
of intonation tendencies between flute and clarinet 
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players. 
The difference in adjusted means for the flute ( 5. 72) 
and oboe (0.37 cents} was 5.35 cents, which exceeded the 
Bonferonni critical value. There was a significant 
difference (J2. < .05) in the intonation tendencies of flute 
and oboe players. 
The difference in the adjusted means for clarinet 
(5.82 cents) and oboe (0.37 cents) was 5.46 cents, which 
also exceeded the criti"cal value. There were significant 
differences (.J2. < .05) in the intonation tendencies of 
clarinet and oboe players. 
The adjusted means for the dependent variable reflect 
a significant difference in the intonation tendencies 
between the oboe and flute groups and between the oboe and 
clarinet groups. These general differences were also 
observed in comparisons of the adjusted cell means for the 
dependent variable with the exception of es. 
The adjusted cell means of the dependent variable for 
individual scale tones of each instrument represent the 
differences in the intonation tendencies of groups for each 
scale tone when the covariate effect of instrument 
intonation deficiencies is statistically controlled. The 
adjusted cell means for the dependent variable are shown in 
Table 7. 
The line graphs of adjusted cell means for the 
dependent variable (Figure 5) illustrate the significant 
differences (£ < • 05) between flute and oboe groups and 
between clarinet and oboe groups. 
TABLE 7 
Adjusted cell means, in cent deviation, for the dependent 
variable. 
Scale tone 
do 
Flute 4.0 6.0 6.1 6.5 8.1 9.0 5.2 1.6 5.4 5.4 5.0 3.1 5.0 4.2 4.6 
Oboe 0.1 0.9 -2.2 -1.4 0.1 1.3 -2.6 3.2 1.0 -0.9 0.0 1.9 0.3 -1.4 -O.B 
clarinetS.! 3.7 5.3 7.2 4.8 5.2 4.3 4.7 4.2 5.1 7.3 9.0 8.7 7.7 5.2 
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With the exception of scale tone es, the adjusted cell 
means for the oboe were consistently closer to zero cent 
deviation than those for flute and clarinet. The values of 
the adjusted cell means for the other fourteen scale tones 
of the oboe were in a range of -2.2 to +3.2 cents. 
Although the adjusted means for flute and clarinet 
were not significantly different, the cent deviation values 
of adjusted cell means for flute were slightly greater 
( 11 sharper") than those for clarinet in the lower and middle 
ranges of scale tones. In contrast, the cent deviation 
values of adjusted cell means for clarinet were slightly 
larger positive values than those for flute in the upper 
range of scale tones. 
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FIGURE 58 Line graphs of the adjusted cell means of the 
dependent variable for flute, oboe, and clarinet. 
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CHAPTER V 
DISCUSSION 
The purpose of this study was to investigate the 
intonation tendencies of flute, oboe, and clarinet players. 
The study focused on tw_o factors of intonation: ( 1) the 
performer's instrument and ( 2) different scale tones 
performed with the instrument. After accounting for the 
influence of instrument intonation deficiencies, are there 
differences in the intonation tendencies of flute, oboe, 
and clarinet players across 15 different scale tones? 
In accordance with the purpose of the study, three 
null hypotheses were treated. 
1. There is no significant difference in the 
intonation tendencies between groups of 
flute, oboe, and clarinet players after 
accounting for instrument intonation 
deficiencies. 
2. There is no significant difference in the 
intonation tendencies within subjects for 
the different scale tones being performed 
after accounting for instrument -
intonation deficiencies. 
3. There is no significant difference in the 
intonation tendencies of subjects due to 
an interaction of instrument and scale 
tone. 
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The research design for the study was a mixed factor 3 
(instrument type) X 15 (scale tone) analysis of covariance 
with a covariate changing across trials. The dependent 
variable was a measurement, in cent deviation, of the 
intonation tendencies of flute, oboe, and clarinet players 
during pitch-matching trials of the Intonation Tendencies 
Test (ITT). The stimuli for trials of the ITT consisted of 
saw-tooth wave tones produced on a electronic synthesizer 
with equal-tempered tun'ing (a4 "' 440 Hz). The covariate 
was a measurement of the sharp and flat instrument 
intonation deficiencies of instruments with regard to equal 
tempered tuning during trials of the Intonation 
Deficiencies Test ( IDT). 
Based on results of the analysis of covariance, the 
effects of the covariate factor of instrument intonation 
deficiencies were significant (£ < .0001). After 
statistically controlling far the effects of the covariate, 
there were significant differences (£ = • 01) in the 
intonation tendencies between groups of flute, oboe, and 
clarinet players. According to results of the Bonferonni ~ 
test for ~-hoc analysis, general intonation tendencies 
were significantly different (£ ::::1 • OS) between groups of 
flute and oboe players and between groups of clarinet and 
oboe players. There was no significant effect of scale 
tones (£ ::::1 .28) on the intonation tendencies of subjects. 
There was also no significant interaction effect of 
instrument and scale tone Ce = .08) on the intonation 
tendencies of subjects. 
Conclusions 
69 
Conclusions for this study were based on a statistical 
analysis of test data involving 27 university woodwind 
musicians. Although the analysis of covariance procedure 
was justified because of identified instrument intonation 
deficiencies, conclusions based on tests of the null 
hypotheses were presented with caution due to the 
limitations of the subject selection. A more comprehensive 
and possibly unbiased sample is necessary to satisfy 
research assumptions for the hypothesis tests to derive 
generalizations about the intonation tendencies of flute, 
oboe, and clarinet players. 
1. There were significant differences in the 
intonation tendencies of flute, oboe, and clarinet players. 
2. There was no significant difference in intonation 
tendencies for the different scale tones being performed. 
With regard to the covariate effect, intonation 
tendencies were strongly associated with instrument 
intonation deficiencies. After accounting for the effects 
of instrument intonation deficiencies, the intonation 
tendencies of flute and clarinet players were sharp 
compared to those of oboe players and sharp compared to the 
sawtooth wave tones. 
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Sp$Ci fically, the adjusted group means for both the 
flute and clarinet players were approximately six cents 
sharp relative to saw-tooth wave tones used as pitch 
stimuli. The adjusted group mean for the oboe players waa 
less than one cent sharp relative to the saw-tooth wave 
tones. This finding may explain ensemble intonation 
problems which occur between flute and oboe players and 
between clarinet and oboe players. 
The general intona·tion tendencies of flute and 
clarinet players were not clearly different. The tendency 
of the flute group was, however, toward sharp intonation 
when compared with the clarinet group for the series of 
lower octave scale tones, 84 through es. In contrast, the 
general tendency of the clarinet group was toward sharp 
intonation when compared to the flute group for higher 
octave scale tones, gs through d6. Perhaps, ensemble 
intonation problems among flute and clarinet players may 
occur due to a reversal of the comparative sharp and flat 
intonation tendencies for each octave of scale tones. 
Results of the study support previous speculation 
concerning apparent pitch differences associated with 
instrument timbre as a possible source of ensemble 
intonation problems (Stauffer, 1954; Meyer, l978b). Based 
on the results, the general intonation tendencies of a 
woodwind musician may be associated with both the intona-
tion deficiencies and timbre of a performer's instrument. 
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Implications of the Study 
Instrumental music educators are aware that differ-
ences in the intonation tendencies of individual performers 
of wind instruments contribute to ensemble intonation 
problems. Results of this study indicate that the sharp 
and flat ifltonation tendencies of selected university 
woodwind musicians are strongly influenced by the intona-
tion deficiencies for individual scale tones of their 
instruments. The study also provides evidence concerning 
additional differences in the intonation tendencies of wind 
players after accounting for the effects of instrument 
intonation deficiencies. An awareness by performers and 
teachers concerning both factors of intonation tendencies 
may be applied to the improvement of ensemble intonation. 
With reference to the intonation of symphony 
orchestras, a commonly used procedure for orchestral 
ensemble tuning involves the presentation of a tuning 
reference tone performed by an oboe player. The tuning 
reference tone generally is performed several times to 
allow the separate tuning of woodwind, brass, and string 
sections. Flute and clarinet players in this study tended 
to tune their instruments and perform with sharp 
intonation. This tendency would appear to be a possible 
source of intonation problems among players within the 
woodwind section and possibly among woodwind, brass, and 
string sections. 
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In concert bands, tuning procedures also generally 
involve the presentation of a tuning reference tone. 
However, the source of the reference tone may differ among 
various ensembles, based on the decision of the conductor. 
For example, the tun_~J.ng reference tone often is performed 
by a clarinet player or a trumpet player. Based on 
speculation concerning the possible effects of instrument 
timbre on intonation tendencies, ensemble tuning and 
intonation may also be dependent on the apparent pitch 
associated with the timbre of a tuning reference tone. 
Further speculation on the possible effects of timbre on 
ensemble tuning and intonation would require addi tiona! 
research. 
Recommendations for Further Research 
Conclusions concerning the results of this study were 
limited to generalizations about the intonation tendencies 
of selected subjects from the School of Music at the 
University of North Carolina at Greensboro. Similar 
studies at other universities may provide different 
results. This study should be replicated involving a 
larger sample of the population of flute, oboe, and 
clarinet players with various levels of musical experi-
ence and from different schools of woodwind performance. 
Further research should include studies involving 
comparisons of various woodwind, brasswind, and string 
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instruments. studying the use of various instrument 
timbres as pitch-matching stimuli also could provide 
information concerning the possible influence of instrument 
timbre on the tuning of musical instruments and the 
intonation tendencies of musicians within a context of 
performance. 
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TABLE A 
Instrument brand, chronological age, education, and 
experience levels of individual subjects. 
Subject No. chrono- Years of Years of Years of 
and Brand of logical College Playing Private 
Instrument Age Education Instrument Study 
Fl Miramatsu 20 3 10 8 
F2 Armstrong 20 3 7 3 
1'3 Yamaha 19 1 7 7 
F4 Prima Sankyo 18 1 9 6 
FS Prima Sankyo 23 5 11 5 
F6 Yamaha 20 2 10 5 
F7 Gemeinhardt 23 5 11 8 
F8 Prima Sankyo 18 1 7 6 
F9 Prima Sankyo 18 1 6 6 
Flute group means 19.87 2.44 8.67 6.00 
01 Loree 22 4 12 8 
02 Loree 18 1 2 + 7 Flute 2 
03 Loree 21 2 6 3 
04 Loree 21 4 6 + Clar 5 
05 Loree 20 3 9 7 
06 Loree 22 4 10 8 
07 Loree 18 1 4 + 3 Clar 1 
08 Loree 19 1 3 + 4 Sax 2 
09 Loree 28 10 15 14 
Oboe group means 21.0 3.33 7.45 5. 56 
C1 Buffet 24 6 15 9 
C2 Buffet 20 2 7 2 
C3 Buffet 18 2 7 6 
C4 Buffet 19 1 10 8 
cs Selmer Signet 18 1 3 4 
C6 Buffet 19 1 7 4 
C7 Selmer Signet 18 1 7 1 
C8 SelmerSerieslO 25 5 9 12 
C9 Buffet 24 7 12 7 
Clar. group means 20.56 2.89 8.00 5.89 
Grand Mean 20.48 2.89 8.41 5.82 
Grand Median 20.00 2.00 8.00 6.00 
Grand Minimum 18.00 1.00 2.00 1.00 
Grand Maximum 28.00 10.00 15.00 14.00 
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TEST OF INTOI<ATION CHARACTERISTICS OF WOODWIND INSTRUMENTS 
Test sheet;score sheet FORMA Subject No._E.1_ 
1. z. 3. 4. s. .a. 6. 
~ 
e 
I li¥8 0 ~0 0 
7. 8. 9. :e- 10. 11. u. 
~" 
-e- Q 
I 0 I 0 
13. H.U.Q. 15. 16. 17. 18. 
~ 
0 
1:::! 
0 0 
0 
19. 20. 21. e. 22. 23. ..a 24. 
~0 I 
0 
0 
0 
25. b.o 26: 27. 28. 29. 30. 
-e 
® ~0 ~ 0 0 
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TEST OF INTONATION CHARACTERISTICS OF WOODWIND INSTRUMENTS 
Test sheetjscore sheet FORMA Subject No._Ei_ 
1. 2. 3. 4. s • ..0. 6. 
t) It' 3 q 'f- /D 
$ e I ~0 I I Q Q e 
7. 8. 9. -e 10. 11. 12. 7 $ ,; q 8- II o-a- 0 I e I Q 
H. 
1b·u.o. 15. 16. 7 17. 18. 8 8 0 7 q 
$ I Q 0 0 0 
19. 'IS 20. 21. -e 22. 23. _Q 24.0 II /'<.- ID 5-$6 I 0 Q 0 
25. b.6 26. 27. 2B. b 29. 30.8 t6-e 7 3 
~ 
i::l 
~0 
0 
0 
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TABLE B 
Cent deviation scores for Intonation Deficiencies Test. 
Scale tone 
Subject Test 
Number Form d. .. f. g. .. bb. Cs ds es fs gs as bbs Cs ds 
F 1 I1 -2 0 11 6 16 12 8 13 11 
I2 -5 -3 3 -3 15 0 10 13 11 
F 2 A1 0 -1 -8 2 -2 -3 -1 3 12 
A2 -1 -1 -2 -1 4 0 -5 ~1 12 
F 3 B1 -1 .4 5 7 12 10 22 21 16 0 
B2 4 8 15 13 12 12 16 24 20 17 
F 4 C1 12 16 16 14 13 15 
C2 10 21 12 10 9 10 
F 5 01 8 12 28 35 23 30 30 15 23 25 15 17 12 13 
02 13 13 20 25 34 23 28 9 15 12 12 15 30 8 
F 6 E1 -2 14 -3 12 17 -3 10 3 
E2 3 18 3 13 18 5 8 -2 
F 7 F1 -12 -7 -6-12 -4 14 12 7 17 21 14 
F2 -11 -3 -4-10 6 14 8 11 16 18 16 
F 8 G1 -3 -6 -3 15 14 9 13 12 15 
G2 3 3 2 22 12 14 11 16 16 
F 9 H1 -11-14 -5-15-18 -20 -4 -6 -4 -4 0 -3 3 -1 
H2 -5 -2 -4 -5-18 -8 5 -3 -1 1 -3 -6 12 10 
0 I1 -5 -2-14 -5 -4 -5 -8 0-12 -21 -3 9 
I2 -4 -3-15 -2 -6 -6 -8 -7-12 -15 -8 -3 
0 2 A1 14 2 17 28 22 22 44 39 32 32 30 18 6 40 32 
A2 14 10 18 27 36 25 34 40 30 35 30 8 -5 50 30 
0 B1 12 22 0 24 27 7 26 8 25 6 30 .22 10 25 47 
B2 7 21 20 25 20 15 30 20 35 21 22 16 24 30 47 
0 4 Cl -3-10-11 -8-22 -22-17 -4 2-20 -8-42 -36 -9 9 
C2 -4 -3 -6 -6-25 -13 -8 -3 2-21-13-43 -44-18 13 
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TABLE B (continued) 
Scale tone 
Subject Test 
Number Form d• e. f. 9• a. bb. Cs ds es fs 9• as bbs c. do 
0 5 D1 10 19 4 10 10 21 -3 -4 -25 -3 21 
D2 9 12 -6 4 13 19 -4 -9 -28-14 9 
0 E1 13 10 -3 -4 8 20-13 12-20 -35 0 -3 
E2 10 18 2 -3 8 23 -9 19-20 -21 2 4 
0 7 F1 -8 17 5 7 15 16 -3 20-30 -23 -3 11 
F2 -1 17 -3 -6 15 8 -3 20-20 -16 10 28 
0 8 G1 25 18 27 30 34 50 35 40 28 42 34 15 50 48 
G2 26 28 27 32 20 so 27 so 30 40 27 7 so so 
0 9 H1 -10 0-10 -s -s -10 -3 12 -8 8-12 -10 20 
B2 -11 -S-10 0-10 -7 1 10-10 6-13 -10 1S 
c I1 0 -7 -4 7 -4 -5 -3 7 6 8 
I2 6 -2 -1 7 -5 -4 -3 11 13 12 
c A1 11 -6 -5 -1 -2 -2 -2 -2 1 -1 1 
A2 15 0 -6 -1 1 ·4 -3 -1 4 2 2 
c B1 -17 -3 -5 0 -2 -3 -5 -6 -6 -9 -8 -9 -6 -6 
B2 -15 -7-10 -1 -5 -1 -3 -5 -2 -6 -4 -7 -4 -8 
c C1 -12 -7 -s -s 0 9 -2 
C2 -9 0 -2 1 2 12 3 
c 5 D1 10 13 18 35 -1 -4 12 10 19 18 15 24 
D2 8 20 25 35 0 -2 11 16 21 22 15 23 
c E1 -5 4 12 2 3 9 11 4 -2-10 
E2 -3 3 9 2 0 11 11 8 2 -9 
c F1 -16-16-14 6 10 -2 9 11 5 11 10-14 5 
F2 -9-13-11 8 9 0 8 13 12 9 13-11 -1 
c 8 Gl -1 9 14 13 6 7 6 20 24 19 22 10 10 
G2 3 7 14 18 10 12 11 24 22 24 22 11 13 
c B1 -12-10 -1 -2 5 6 4 0 11 12 -5 7 
H2 -1 0 1 4 5 5 -2 -3 7 11 -2 10 
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APPENDIX E 
TABLE C. CENT DEVIATIONS FOR INTONATION TENDENCIES TEST 
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TABLE C 
Cent deviation scores for Intonation Tendencies Test. 
Scale tone 
Subject Test 
Number Form d4 .. f. 9• .. bb. Cs ds es fs gs .. bbs c • d. 
\ 
F 1 A1 11 3 10 9 10 6 8 
A2 8 10 9 11 8 10 12 
F 2 B1 -4 0 18 10 -4 2 3 14 
B2 -1 -3 17 0 -4 -5 -2 14 
F 3 C1 -1 12 8 12 10 21 
C2 0 18 10 6 5 14 
F 4 01 13 0 -4 3 14 -1 -1 
02 4 10 -2 12 17 2 2 
F 5 E1 17 13 16 24 19 23 18 12 9 1 -2 0 
E2 17 18 16 27 20 29 7 10 -3 -4 10 -1 
F 6 F1 7 -2 5 7 3 -4 8 
F2 -2 6 12 10 -7 -3 -2 
F 7 G1 -11-11-10 -5 -2 15 
G2 -16-10-10 -6 0 9 
F 8 H1 10 0 18 12 11 9 15 22 16 12 11 12 19 15 
H2 12 18 12 12 16 5 16 15 20 18 7 13 14 18 
F 9 Il 1 -2 6 6 10 6 8 10 10 
I2 -3 2 10 7 9 10 9 12 8 
0 1 A1 -2 -4 -8 4 -3 8 10 -2 -5 -4 -5 
A2 -4 -1 -8 -1 0 5 10 -1 -5 -5 -11 
0 2 B1 0-10 -9 0 4 11 -4 0 3 
B2 3 8 -7 -7 -5 2 -7 -4 -4 
0 3 C1 0 -2 10 7 13 -5 0 -6-10 -3 
C2 -3 -2 9 9 10 1 -3 -4 -3 -3 
0 4 01 -6 0 -3 -5 -5 4 16-10 -5 -4 -7 
02 -4 -4 -6-11-12 -7 -3 -8 -2 -6 -5 
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TABLE C (continued) 
Scale tone 
Subject Test 
Number Form d. .. f. 9• .. bb. Cs ds es fs gs as bbs c • d. 
0 5 E1 10 11 14 3 -1 4 1 12 4 7 0 -10-13 
E2 4 -1 9 -8 5 -5 1 8 -7 -3 -1 -7 0 
0 6 F1 11 -2 17 22 -2 -4 0 
F2 6 12 0 30 8 -4 -12 -1 
0 7 G1 -1 4 -2 -7 -3 1 14 13 -6 -3-16 -10 -2 
G2 -3 -2 -6 -2 1 -2 5 13 -6 -3 -5 -6 4 
0 H1 -1 -8 -7 3 -2 -5 6 15 -8 -7 10 
H2 -10 -1-10 -5 -8 0 0 10 2 -14 12 
0 9 I1 -5 -7 -4 -2 -9-10 10 -4 13 -1 -1 
12 -6 -2 -4 -3 -3 -5 15 4 12 -2 -3 
c 1 A1 -3 -5 -5 -3 14 -1 -4 10 10 10 
A2 -4 -5 -3 -3 3 0 6 10 12 
c B1 12 -2 -8 0 -2 10 
B2 11 -1 -7 -5 -1 12 
c C1 -6-10 -3 -1-10 -8 -8 -6 -5 -5 -4 -4 
C2 -6 -1 -1 -1 0 -4 -1 -2 -2 -3 -3 -1 
c 4 D1 -8 -2 -2 -2 -3 5 12 
02 -4 3 3 3 0 -4 14 
c 5 E1 22 23 15 31 -2 17 18 30 24 6 24 
E2 16 22 19 32 4 14 16 29 19 13 B 
c 6 F1 7 7 12 7 -1 8 9 7 -9 
F2 10 15 15 3 1 11 15 7 -9 
c 7 G1 -11-10 -6 1 13 16 9 19 19 1 3 
G2 -9-10 -6 8 13 18 17 22 16 -2 -2 
c 8 H1 -2 5 13 10 10 20 B 17 10 20 
H2 0 6 16 10 17 19 14 22 12 15 
c 9 Il -2 8 0 0 -2 7 7 
12 2 10 -4 2 -2 10 12 
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APPENDIX F 
TABLE 0, INTRASUB,JECT RELIABILITY COEFFICIENTS 
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TABLE D 
Intrasubject reliability coefficients for Intonation Defi-
ciencies Test (IDT) and Intonation Tendencies Test (ITT). 
Subject IDT ITT 
F 0.676 0.413 
F o. 780 0.839 
F 0.667 0.699 
F 0. 757 0. 565 
F 0.539 0.808 
F 0.805 0.200 
F 0.948 0.936 
F 0. 790 0.319 
F o. 761 0.858 
Flute Group Mean o. 747 0.626 
0 1 0.850 0.888 
0 2 0.865 0.288 
0 3 0.690 0.853 
0 4 0.936 0.527 
0 5 0.934 0.454 
0 6 0.952 0.684 
0 7 0.827 o. 785 
0 8 0.894 0.683 
0 9 0.944 0.882 
Oboe Group Mean 0.877 0.672 
c 1 0.895 0. 744 
c 2 0.887 0.925 
c 3 0.774 0.642 
c 4 0.854 0. 707 
c 5 0.964 0.841 
c 6 0.921 0.864 
c 7 0.950 0.941 
c 8 0.935 0.889 
c 9 o. 743 o. 751 
Clarinet Group Mean 0.880 0.812 
GRAND J.I!EAN 0.835 0. 703 
GRAND J.I!EDIAN 0.854 o. 751 
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APPENDIX G 
TABLE E. INTERSUBJECT RELIABILITY COEFFICIENTS 
111 
TABLE E 
Intersubject reliability coefficients for each level of 
scale tone. 
Scale tone IDT ITT 
d. 0.927 0.869 .. 0.890 0. 767 
f. 0. 887 0. 786 
9• 0. 950 0. 869 
a. 0.910 0. 857 
b-flat4 0.822 0. 842 
Cs 0.956 0. 516 
ds 0. 943 0.646 
es 0. 939 0.660 
fs 0. 933 0. 753 
gs 0. 894 0. 789 
as 0. 970 0. 899 
b-flats 0.940 0. 884 
c. 0. 932 D. 785 
d. 0.886 0. 771 
MEANS 0.919 0. 780 
MEDIANS 0. 930 0. 790 
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APPENDIX H 
TABLE F. OVERALL INSTRUMENT INTONATION DEFICIENCIES AND 
OVERALL INTONATION TENDENCIES FOR SUBJECTS. 
TABLE F 
overall instrument intonation deficiencies and overall 
intonation tendencies for subjects. 
Subject DEFICIENCIES TENDENCIES 
F 1 5.83 6. 767 
F 2 1.57 4. 33 
F 3 9. 53 6.93 
F 4 e. 10 4.57 
F 5 18.33 10.47 
F 6 6. 07 2.80 
F 7 5. 07 -0.07 
F 8 7.37 12.80 
F 9 -3.83 5.27 
FLUTE GROUP MEANS 6.51 5.99 
0 -4.30 0.30 
0 25.33 1.17 
0 21.47 2.43 
0 -14.57 -1.87 
0 3. 70 1.93 
0 1.83 4.43 
0 3.07 -0.50 
0 31.87 0.03 
0 -2.47 0.47 
OBOE GROUP MEANS 7.33 0. 93 
c 1 2.60 3.07 
c 2 1.17 2.57 
c 3 -5.20 -2.667 
c 4 0.60 2.23 
c 5 12.53 14.87 
c 6 2.83 5. 53 
c 7 1.47 5.60 
c 8 12.23 9.90 
c 9 2. 73 3.83 
CLARINET GROUP MEANS 3. 44 4.99 
MEANS FOR ALL SUBJECTS 5. 76 3.97 
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APPENDIX I 
TABLE G. MEANS OF PAIRED CENT DEVIATIONS USED 
AS DATA FOR THE ANALYSIS OF COVARIANCE. 
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TABLE G 
Means of cent deviations used as datci for the analysis of 
covariance. 
Data Label Key: 
xl ~ Means of cent deviations for Intonation Tendencies Test 
K2 " Means of cent deviations for Intonation Deficiencies Test 
Subject Data Scale Tone 
Number Label d, e4 f"' g, b.,4 Cs ds es f~ gs as bbs CG do; 
F1 x1 5.5 o.o 9.5 3.5 6.5 8.0 9.5 10.0 1.5 9.0 1.0 3.0 8.0 10.0 4.5 
x2 0.0 -3.5 1.5 6.0 -1.5 1.0 1.5 15.5 2.5 6.0 6.0 9.0 1.5 13.0 u.o 
F2 x1 -2.5 2.5 -1.5 1.0 11.5 5.0 4.5 8.5 -4.0 -1.5 0.5 14.0 8.5 6.5 0.0 
x2 -0.5 -1.0 -5.0 0.5 8.0 0.5 1.0 4.0 -1.5 -3.0 1.0 12.0 5.5 2.0 0.0 
F3 x1 -0.5 6.5 5.5 1.5 6.5 15.0 6.0 9.0 3.5 5.0 9.0 7.5 17.5 6.0 6.0 
x2 4.0 1.5 5.5 6.0 5.5 10.0 10.0 12.0 4.5 5.0 11.0 19.0 22.5 18.0 8.5 
F4 x1 8.5 5.5 9.0 5.0 2.0 -3.0 1.5 15.5 1.0 2.5 1.5 0.5 0.0 0.5 6.5 
x2 8.0 8.0 u.o 5.0 18.5 6.5 14.0 12.0 5.5 11.0 2.5 4.0 5.5 12.5 6.5 
F5 x1 11.0 15.5 16.0 25.5 19.5 26.0 4.0 12.5 3.5 11.0 3.0 -1.5 4.0 -0.5 1.5 
x2 6.5 10.5 12.5 24.0 30.0 2i 5 26.5 29.0 12.0 19.0 16.5 13.5 16.0 21.0 10.5 
F6 x1 4.0 2.5 2.0 2.0 6.0 1.0 8.5 6.5 4.0 -2.0 0.5 2.0 -3.5 1.5 3.0 
x2 6.5 0.5 3.5 16.0 5.5 0.0 12.5 11.5 1.0 6.0 1.0 9.0 1.5 0.5 4.0 
F7 x1 -13.5-10.5-10.0 -5.5 -1.0 3.0 13.0 1.0 4.5 2.5 1.5 3.0 0.0 5.0 0.0 
x2 -11.5 -5.0 -5.0-11.0 1.0 5.5 14.0 10.0 1.5 5.0 9.0 16.5 19.5 15.0 5.5 
F8 x1 3.0 11.0 9.0 15.0 12.0 13.5 7.0 15.5 18.5 18.0 15.0 9.0 12.5 16.5 16.5 
x2 2.5 0.0 4.5 3.5 -1.5 -0.5 6.5 18.5 13.0 11.5 12.0 4.5 6.5 14.0 15.5 
F9 x1 -1.0 3.0 7.0 0.0 0.0 8.0 1.5 6.5 2.0 6.0 9.5 8.0 8.5 11.0 9.0 
x2 -8.0 -8.0 -4.5-!0.D-18.0-14.0 1.0 0.5 -4.5 -2.5 -1.5 -1.5 -4.5 1.5 4.5 
01 x1 -3.0 -2.5 -8.0 1.5 -1.5 3.5 5.5 6.5 10.0 -1.5 -5.0 -4.5 -8.0 6.5 5.0 
x2 -4.5 -2.5-14.5 -3.5 -5.0 1.0 -5.5 7.0 1.0 -8.0 -3.5-12.()-18.0 -5.5 3.0 
02 x1 1.5 -1.0 -8.0 3.0 5.0 -3.5 -0.5 3.0 6.5 8.0 6.5 -5.5 -2.0 -0.5 5.0 
x2 14.0 6.() 17.5 27.5 29.0 23.5 39.0 39.5 31.0 33.5 30.0 13.0 0.5 45.0 31.0 
Cl x1 -1.5 5.0 -2.0 4.0 8.0 9.5 5.0 8.0 11.5 -2.0 7.0 -1.5 -5.0 -6.5 -3.0 
x2 9.5 21.5 10.0 24.5 23.5 11.0 28.0 14.0 30.0 13.5 26.0 19.0 17.0 27.5 47.0 
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TABLE G (continued) 
Subject Data scale ToJe 
Number Label do~. e4 f4 Q4 ao~o bb4 ds es fs gs as bbs d,; 
04 xl -5.0-2.0-4.5-8.0-8.5 3.5-1.5 4.0 6.5 -9.0-3.5 -5.0 -6.0 3.0 8.0 
x2 -3.5-6.5-8.5-1,Q-23.5-11.5-12.5-3.5 2.0-20.5-10.5-42.5-40.0-13.5-11.0 
05 XI 5.0 7.0 5.011.5-2.5 2.0-0.5 1.0 10.0-1.5 2.0-0.5-8.5-6.5 5.5 
x2 6.5 9.5 6.015.5-1.0 3.5 7.0 11.5 20.0 -3.5 7.0-6.5-26.5-8.515.0 
06 x1 8.5 4.0 6.5 1.0-1.0 3.5 2.023.515.0 1.5 7.0-3.0-8.0-0.5 0.5 
x2 7.5 6.0 11.5 14.0 -0.5-3.5 8.021.5-11.0 5.015.5-20.0-28.0 1.0 0.5 
07 x1 -2.0 1.0-4.0-4.5 o.o -1.0 -0.5 9.513.0-6.0-3.0-10.5-8.0 1.0 1.5 
x2 1.0 6.5-4.517.0 1.0 0.5 2.015.012.0-3.020.0-25.0-19.53.519.5 
08 xl -5.5-4.5-8.5-1.0 2.0-5.0 -2.5 3.0 12.5 -3.0 6.0 5.0-10.511.0 1.5 
x2 8.025.523.027.031.027.050.031.045.029.041.030.511.050.049.0 
09 xl -5.5 5.5 -4.5 -4.0 -2.5-6.0 -7.5 1.0!2.5 0.012.5 3.0-1.5-2.0 6.0 
x2 -10.5-2.5-10.0-2.5-1.5-8.5-1.0 0.5 11.0 -~.0 7.0-12.5-10.0 1.017.5 
C1 xl 2.5 -3.5 2.5 3.0-5.0-4.0-3.0 8.5-0.5 1.0 7.010.011.0 7.5 9.0 
x2 3.0-4.5 -2.5 1.0-4.5-4.5-3.0 0.5 2.0 3.5 9.0 7.5 9.5 6.010.0 
C2 x1 11.5-1.5-7.5-2.5 1.5 4.0-1.5 0.0 4.5 2.5 3.0 2.0 5.011.0 6.5 
x2 13.0-3.0-5.5-1.0-0.5 1.0-2.5-1.5 2.5 1.0 1.0 4.5 0.5 6.5 1.5 
C3 x1 -6.0-5.5 3.0 4.0 0.5-2.0 -1.0 -5.0 -6.0 -4_5 -4.0-3.5 -4.0 -3.5 -2.5 
x2 -14.0-5.0 -1.5 1.5 -0.5-3.5 -2.0 -4.C -5.5 -4.0-7.5 -6.0 -8.0 -5.0 -7.0 
C4 xl -6.0 0.5 0.5 6.0 2.5 4.5 4.5 3.0 0.5 0.5-1.5 2.0 0.513.0 3.0 
x2 -10.5-3.5 2.0 0.5 1.0 2.0 2.0 2.0 -3.5-2.0 4.5 2.5 1.010.5 0.5 
C5 XI 19.022.517.031.5 6.5 6.5 5.5 1.0 4.515.517.029.521.5 9.516.0 
x2 9.016.521.535.0 3.0 2.0-\?:.5-3.0 1.5 11.5 13.0 20.0 20.0 15.0 23.5 
C6 x1 4.5 8.3 11.0 13.5 5.0 5.5 5.5 4.0 3.0 0.0 9.512.0 7.0 3.0-9.0 
x2 -1.0 3.5 6.01(1.5-5.0 2.0 4.0 3.5 1.5 3.0 10.0 11.0 6.0 0.0-9.5 
C7 x1 -10.0-10.0-6.0 4.5 7.513.0 6.0 2.5 8.517.013.020.517.5-0.5 0.5 
x2 -12.5-14.5-12.5 1.5 7.0 9.5 4.5-1.0 8.512.0 8.510.011.5-12.5 2.0 
C8 x1 -1.0 1.0 5.514.5 1.0 6.0 5.0 8.5 10.0 13.5 19.5 u.o 19.5 11.0 11.5 
x2 1.0 8.014.010.5 6.5 8.0 7.0 9.5 8.522.023.021.522.010.511.5 
C9 x1 5.0 0.0 9.0-2.0 1.5 1.0 4.5 5.5 0.0-2.0 7.5 7.5 8.5 9.5 2.0 
x2 -6.5-5.0 2.5 8.0 0.0 1.0 5.0 5.5 1.0-1.5 5.5 9.0 11.5 -3.5 8.5 
